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Pre-Treatment technologies for reverse 
osmosis (RO) during water recovery 
Santosh Raj Pandey, Veeriah Jegatheesan, Kanagaratnam Baskaran 
and Shobha Muthukumaran 
1. INTRODUCTION 
Agricultural enterprises are a back bone for sustainable future of human kind. However, 
the wastewater generated by these industries creates direct threat to the same sustainable 
future by contaminating the freshwater sources when discharged into those freshwater 
sources. Thus, we need both advanced treatment technologies to treat those wastewater 
streams generated and better reuse options for the treated effluents. For these novel 
purposes, membrane filtration is a promising teclmology due to its unique properties 
such as no chemical addition, simple operation etc. This technology in general and reverse 
osmosis (RO) in particular is applied in a wide range of fields, such as chemical, medical, 
textile, petrochemical, electrochemical, water, biotechnology and environmental 
industries. High efficiency of the membranes in selective mineral rejection, high 
permeability to the water, decreased production costs, fulfilment of the most stringent 
regulations for public health, environment protection and separation process at room 
temperature are several advantages of RO process. 
Due to these advantages, the RO process is the most preferred membrane technology for 
eawater and brackish water desalination and further polishing of the secondary 
Wastewater effluent. The use of RO membranes for reclaiming high quality reclaimed 
Water from secondary treated wastewater effluent for indirect potable re-use has increased 
over the past few years but, a major impediment to the application of RO technology is 
the fouling of membrane. Membrane fouling not only decreases the flux but also changes 
the rejection of solutes. 
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Wastewaters from municipal discharges contain three categories of constituents trc:: 
have potential to foul a RO membrane, namely, microbial (bacteria, viruses, etc.), organ1, 
(NOM and EfOM) and inorganic (minerals) (Zondervan and Roffel 2007). The maji': 
foulants include dissolved and macromolecular organic substances, sparingly soluh, 
inorganic compounds, colloidal and suspended particles, and micro-organisms. Th 
secondary effluent contains dissolved organic matter (natural and anthropogenic, 
commonly known as effluent organic matter (EfOM).The EfOM represen ls a range 1,: 
organic compounds, such as polysaccharides, proteins, amino sugars, nucleic acids, huc11 
and fulvic acids, organic acids, and cell components (Barker et al. 2000). 
Controlling and preventing RO membrane fouling during water recovery i:; a challenhl 
due to the presence of suspended solids and colloidal matter with high level of biologic:' 
activity in secondary effluents (Shon et al., 2009). Developing strategies to control thl 
membrane fouling is not straight forward; however some of the strategies such as applyin; 
appropriate pre-treatment technologies and cleaning may be helpful in reducing the foulin~ 
of membrane in the long run. There are various types of pre-treatment options J.pplied fp: 
treating the secondary effluent before feeding into the reverse osmosis. The t'Xisting pre-
treatment options are; physical pre-treatment processes ranked in order ol decreasins 
opening or pore sizes, include fine-screens, granular-media filtration (GMF), in line screen5 
cartridge filters, microfiltration (MF), and ultrafiltration (UF); physical-chemical pre-treu: 111cn t processe~ 
include Granular or Powdered Activated Carbon (GAC or PAC), coagulation/ flocculation 
sedimentation, lime clarification, pH adjustment, disinfection to control biological f, )1 tling /biocide 
addition (chlorine, ultraviolet (UV) light, and ozone), anti-sealant addition, and phy.-;ic·al-c/1cmical-
biological pre-treatment processes include submerged membrane bioreactors (MBRc.). 
In RO membrane application on water recovery, various processes such ac. _-._-,c;gc!iation. 
flocculation, acid treatment, pH adjustment, and addition of anti-sealant and rr,·. di<1 filtration 
have been used as conventional pre-treatments for years. Recently, the trend ;,: ;nm ing in 
the direction of integrated membrane pre-treatments becaese of follov. 1n;:, c« i1sons: 
feasibility, process reliability, plant availability, modularity, relative insensi:i·, if\ in case 
of fluctuations in the quality of raw water, and lower operating costs. 
While evaluating the performance of these pre-treatment options, one of the im1•ortant 
criteria for e\·aluation is to measure the fouling potentiality to RO membrane. The lollling 
potentiality of feed sources to membranes can be predicted closely mainh bc:st•d Jata 
generated during the pilot-scale or full scale operations and also by dos( ly rc~~licate 
laboratory scale experiments; but in the absence of those data, fouling potent<tli!\ mJ.y be 
estimated based on the following water quality parameters (WQPs) naineh: Total 
Suspended Solids (TSS), Total Dissolved Solids (TDS), Biological Oxygen Dernc"mc.l (BOD), 
Chemical Oxygen Demand (COD), Silt Density Index (SDI), Modified Silt Density lndices 
(MFis), Saturation Indices, Zeta Potential, Particle Counting, Turbidity, Tc;L:ll Organic 
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Carbon (TOC), Trans-membrane pressure (TMP) and other measurements. Those WQPs 
can be termed as potential fouling water quality parameters (PFWQPs). 
During evaluation of the conventional pre-treatment options, it is challenging to find 
quantitative data for ranking those pre-treatment options, so qualitative ranking for those 
options have been given in this study by allocating points according to their performances. 
For example, in this study 3, 2, 1 and 0 points were given for excellent, good, fair and poor 
performances respectively. But in case of modern pre-treatment options, it is easy to find 
quantitative data for ranking. This study focused mainly to evaluate the performance of 
pre-treatment technologies on the basis of reduction of potential fouling water quality 
parameters. The study also provides the description and relationship of various potential 
water quality parameters (PFWQPs). The evaluation will help in selecting the best ranked 
pre-treatment option for further evaluation on its impact on the fouling of RO. This study 
briefly describes existing pre-treatments and their suitability on major RO fouling. 
2. PRE-TREATMENTS 
2.1 Definition, purposes, and current status 
Pre-treatment refers to different operations or processes that are conducted prior to or 
upstream of membrane, it effectively modify the feedwater quality and properties of 
certain aquatic constituents and it improves the performance of membrane in filtering 
wastewater effluents (Huang 2009). The following may be the main reasons for pre-
treatment (Huang 2009): 
• enhancement of the removal of aquatic contaminants such as micro-pollutants 
and DBP precursors; 
• reduction of membrane fouling; 
• reduce in operational costs; 
• increase membrane acceptability and 
• overall increase in sustainability. 
The primary goals of any pre-treatment system is to lower the fouling propensity of the 
Water in the membrane system as secondary effluents typically have a greater propensity 
for membrane fouling and require more extensive pre-treatment systems than groundwater 
resources (Metcalf & Eddy 2003). Pre-treatment can alter the physical, chemical, and/ or 
biological properties of feedwater and improve the performance of membrane filtration 
~or these reasons, integration of appropriate pre-treatments for membrane system is 
unportant for sustaining the application of membrane in water recovery. The main purpose 
~pre-treatment is to attenuate or eliminate the negative effects of fouling agents present 
III the secondary wastewater effluent on RO membrane (Paranjabe et al. 2003). So, the 
selection of the appropriate pre-treatment is the important aspect for sustaining the 
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reverse osmosis application in water recovery. For mitigating the reverse osmosis (RO) 
membrane fouling in water recovery, various conventional pretreatments are used but 
nowadays the low pressure membrane filtration such as MF, UF and recently submerged 
membrane bioreactors (MBRs) are used as pretreatments for reverse osmosis. 
In the early 1970s, initial studies on applying RO for wastewater reclamation revealed 
the importance of pre-treatment for maintaining the productivity and integrity of RO 
membrane (Paranjabe et al. 2003). It has been known since the initial pilot testing of 
reverse osmosis (RO) on secondary effluent in the 1970s that successful application of 
RO requires that the RO feedwater receive a high level of pre-treatment to control the 
rate and extent of fouling on the RO membranes (Paranjabe et al. 2003). Initially secondary 
effluent was successfully pre-treated by lime clarification and granular media filtration 
and from the beginning in 1995, Microfiltration (MF) was successfully used as a pre-
treatment membrane for RO for wastewater reclamation, since then MF has generally 
replaced lime clarification and media filtration as the preferred RO pre-treatment 
technology (Paranjabe et al. 2003). Subsequently ultra-filtration (UF) and recently 
membrane bioreactors (i.e. submerged micro- or ultra-filtration) have emerged as 
alternative RO pre-treatment membranes (Paranjabe et al. 2003). 
The study done by Veerapaneni et al., 2011 found that most brackish water facilities 
treated water directly from well, some facilities used media filters to remove iron and 
manganese. They further found if hydrogen sulphide {H2S) is present in the source water, 
the common practice was to treat it with RO and then remove H 2S downstream in 
degasifiers. In such instances, H2S from the concentrate was also removed prior to its 
disposal. At the Clearwater desalination facility, chlorine and ferric chloride are added 
upstream of pressure media filters to remove iron and arsenic (Veerapaneni et al., 2011). 
For surface water plants, pre-treatment can be extensive for example; at a facility in 
France, pre-treatment of Oise River water, which has a high organic content, includes 
flocculation, ballasted clarification, ozonation, and dual media filtration (DMF) 
(Veerapaneni et al., 2011). In some facilities, MF is used as pre-treatment for example; in 
brackish water desalination facility situation at Abilene, Texas (Veerapaneni et al., 2011). 
In most cases, for the treatment of secondary or tertiary effluent, MF is used without 
exception (Veerapaneni et al., 2011) as water treated by this pre-treatment provides high-
quality feedwater to the RO process with low fouling potentiality. Some of the examples of 
facilities using membrane filtrations as pre-treatments are: GWRS; Scottsdale Water 
Campus, Ariz; West Basin, Calif.; and Bundamba AWTP, Australia. However, high 
concentrations of phosphate in the feedwater could increase the potential for calcium 
phosphate scale formation. At Bundamba, because of high concentration of phosphate in 
the influent water, coagulation and clarification have been used to remove phosphate, 
allowing RO operation at 85 percent recovery (Veerapaneni et al., 2011). 
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2.2 Assessing need for pre-treatment for NF/RO 
A very high quality feed is required for efficient operation of a nano-filtration or reverse 
osmosis (NF or RO) unit. Membrane elements in the reverse osmosis unit can be fouled by 
colloidal matter and constituents in the feed stream (Metcalf & Eddy 2003). The following 
pre-treatment options have been used singly and/ or in combination (Metcalf & Eddy 2003): 
• Pre-treatment of a secondary effluent by chemical clarification and multimedia 
filtration and ultra filtration is usually necessary to remove colloidal materials. 
• Cartridge filters with a pore size of 5- to 10-µm have also been used to reduce 
residual suspended solids. 
• To limit bacterial activity it may be necessary to disinfect the feedwater using 
chlorine, ozone, or UV radiation. 
• The exclusion of oxygen may be necessary to prevent oxidation of iron, manganese, 
and hydrogen sulfide. 
• Depending on the type of membrane, removal of chlorine (with sodium bisulfite) 
and ozone may be necessary. 
• The removal of iron and manganese may also be necessary to decrease scaling 
potential. 
• To inhibit scale formation, the pH of the feed should be adjusted (usually with 
sulphuric acid) within the range from 4.0 to 7.5. 
In addition to these pre-treatments options, regular chemical cleaning of the membrane 
elements (about once a month) is necessary to restore the membrane flux (Metcalf & Eddy 
2003). An adequate pre-treatment system will create a RO feedwater with the physical and 
chemical characteristics needed to control the degree of RO membrane fouling to the greatest 
extent practical (Paranjape et al. 2003). The following guidelines are often used within the 
membrane industry to define the quality required for RO membrane feedwater (Dupont 
1980; DOW 1995; Asano 1998; Metcalf & Eddy 2003); 
1. Silt Density index (SDI) of less than 3 to 5, 
2. Turbidity of less than 1.0 NTU 
The recommended SDI values are differing as these depend on the feed water sources 
(Paranjape et al. 2003). A feed water which is not meeting these recommended guidelines 
may susceptible to RO membrane fouling, but the experience shown that only meeting 
these guidelines does not necessarily guarantee a reduction in membrane fouling (Paranjape 
etal. 2003). The applicability of the SDI limit may vary depending on the source of the feed 
water. While feed water not meeting the above guidelines can be expected to foul RO 
membranes, those with lower SDis may still cause fouling (Reardon et al. 2005). 
To assess the treatability of a given wastewater with NF and RO membranes, a variety of 
fo !' u mg indexes have been developed over the years (Metcalf & Eddy 2003). The three 
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principal indexes are the silt density index (SDI), the modified fouling index (MFI), and 
the mini plugging factor index (MPFI). Fouling indexes are determined from simple 
measurement tests. The sample must be passed through a 0.45 µm Millipore filter with a 
47 mm internal diameter at 210 kPa (30 lb I in2) gage to determine any of the indexes (Metcalf 
& Eddy 2003). The time to complete data collection for these tests varies from 15 min to 2 h, 
depending on the fouling nature of the water. The most widely used index is the SDI, 
which is defined as follows: 
Where, 
SDI= 100[1- (t/t1)J/t 
ti= time to collect initial sample of 500 m 
t1 = time to collect final sample of 500 mL 
t = total time for running the test 
The silt density test is a static measurement of resistance that is determined be samples 
taken at the beginning and end of the test. The SDI does not measure the rate of change of 
resistance during the test. The modified fouling index (MFI) is determined using the same 
equipment and procedure used for the SDI, but the volume recorded every 30s over a 15-
min filtration period. Derived from a consideration of cake filtration, the MFI is defined as 
follows: 
1/Q= a + MFI x V 
Where, Q = average flow, L/s 
a= constant 
MFI = modified fouling index, s/U 
V =volume, L 
The value of the MFI is obtained as the slope of the straight-line portion of the curve obtained 
by plotting the inverse flow versus the cumulative volume. 
2.3 Pre-treatment types 
According to the period of development and their effectiveness, pre-treatment for RO 
applied in water reclamation are broadly divided into two categories (1) conventional pre-
treatment; and (2) modern pre-treatment. Conventional pre-treatment processes are 
typically consisting of acid addition, coagulant/flocculants addition, adsorption, 
oxidation, disinfection, media filtration, and cartridge filtration. Modern pre-treatment 
processes include microfiltration (MF), ultra-filtration (UF) and membrane bioreactors 
(MBRs) which are currently used ahead of RO membranes. Membrane pre-treatment 
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will remove a large spectrum of contaminants from sand particles to viruses (Paranjape 
et al. 2003). 
Pre-treatment processes are typically combinations of physical and chemical processes, 
among them physical pre-treatment aims at removing particulate or suspended fouling 
agents based on their size whereas physical-chemical processes, such as coagulation and 
flocculation, focus on removing dissolved or suspended agents through chemical reactions 
(Reardon et al. 2005). 
2.3. 1 Physical pre-treatments 
Physical pre-treatment processes, ranked in order of decreasing opening size, include fine 
screens, granular-media filtration (GMF), in-line screens, cartridge filters, MF membranes, 
and UF membranes. 
2.3.1.1 MICRO-FILTRATION (MF) 
Microfiltration is the oldest membrane pre-treatment process and also the most popular 
(Reardon et al. 2005). In water and wastewater application, it is used to replace the traditional 
sequence of processes of rapid mixing, coagulation, flocculation, sedimentation, and 
filtration (Metcalf & Eddy 2003). Microfiltration has proven to provide superior RO 
feedwater quality as compared to the traditional tertiary treatment processes like lime 
clarification/ filtration or rapid mixing/ coagulation-flocculation/ sedimentation/ filtration 
that it has replaced. The fouling rate for RO membranes receiving MF pre-treated feed water 
has, in general, been significantly lower than with the traditional pre-treatment processes 
(Conklin 1994; Shields 1998; Sudan 1998). This has reduced the required frequency of 
cleaning and allowed the use polyamide RO membranes. Polyamide RO membranes offer 
a number of advantages over cellulose acetate including lower feed pressure, better 
performance, and longer membrane life (Reardon et al. 2005). 
These advantages were never realized on secondary effluent treated by lime clarification 
and granular media filtration, where the polyamide membranes experienced rapid fouling 
(Geselbracht 1994; Sudan 1998). The ability to use polyamide RO membranes has 
significantly reduced the operating costs experienced by RO processes treating secondary 
effluent. Early in the 1990's, the initial bench-scale and pilot-scale studies of MF for the 
treatment of secondary effluent were very promising and promoted the use of MF for full-
scale wastewater treatment (Reardon et al. 2005). 
2.3.1.2 Ultra-filtration (UF) 
~onceptually UF would offer a technically superior RO pre-treatment compared to MF 
if the fouling of the RO membrane is due to fine colloidal or high molecular weight 
150 I Solutions to Environmental Challenges through Innovations in Research 
substances that would pass through MF but not UF (Reardon et al. 2005). There have 
been several studies that have compared the relative performance of MF and UF for RO 
pre-treatment (Kohl 1992 and 1993; Leslie 1996; Gagliardo 1998; van der Roest 1998; 
Schimmoller 2000; Alonso 2001; Wert 2001; Bergman 2002). 
Most of these studies do not provide complete information on the systems tested including 
flux, pressures, cleaning frequencies and recoveries to completely evaluate the feasibility 
of MF versus UF for RO pre-treatment (Reardon et al. 2005). The results from these studies 
are mixed, and do not show a clear advantage in all situations for either MF or UF. This 
might be due to the specific objectives of the various test programs, differences in the 
feedwater characteristics, differences in the operating conditions (e.g. flux), or to 
improvements in the commercially available MF and UF systems over time. In general, UF 
as an RO pre-treatment process seems to result in lower RO system feed pressures but 
increased cleaning frequency (Reardon et al. 2005). One published cost comparison between 
MF /RO and UF /RO (Wert 2001) showed a distinct cost advantage in favour of MF /RO. 
2.3.2 Physical-chemical pre-treatment 
Physical-chemical pre-treatment methods include granular or powdered activated carbon, 
coagulation/ flocculation/ sedimentation, lime clarification, pH adjustment, disinfection 
to control biological fouling (chlorine, ultraviolet (UV) light, and ozone), anti-sealant 
addition, and biocide addition (Reardon et al. 2005). Chemical treatment involves a change 
of phase of the fouling agents as a result of adsorption and precipitation reactions (Paranjape 
et al. 2003). During adsorption, the fouling agents leave the aqueous phase by becoming 
attached or bonded to a solid matrix. During precipitation, fouling agents change phase 
and start to precipitate when they reach the limit of their solubility, or are absorbed or 
enmeshed into the precipitate. 
2.3.2.1 Lime clarification 
Lime clarification technology is a two-step process involving 1) lime-induced chemical 
reactions to produce heavy floes and 2) physical settling of the floes in one or two stages of 
clarification. Lime clarification combined with granular media filtration was the RO pre-
treatment method of choice treatment until the development of a MF system that could 
operate efficiently on secondary effluent (Reardon et al. 2005). Nearly all the full-scale 
wastewater reclamation plants using RO membranes systems installed prior to 1995 selected 
lime clarification and granular media filtration as the membrane pre-treatment process 
(Reardon et al. 2005). The popularity of this treatment resulted from its ability to remove 
a large spectrum of contaminants such as phosphates, sulfates, organic matter, 
magnesium and calcium hardness, iron, manganese, heavy metals and to destroy or 
limit development of bacteria, protozoa, cysts, and viruses (Paranjape et al. 2003). Raising 
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the pH of the feed water to between 11 and 12 by adding excess lime achieves removal of 
a majority of the scale forming agents. 
Lime clarification, however, suffers from two major drawbacks (Reardon et al. 2005). Lime 
clarification is not very efficient at removing the materials that foul RO membranes. As a 
result, a downstream RO process requires frequent cleaning typically every 2 to 4 weeks for 
maintaining flux. The other major drawback of the lime clarification technology is the cost 
associated with generation and handling of a significant amount of sludge. The operational 
difficulties in handling both the lime and the lime sludge coupled with the additional costs 
puts lime clarification at a disadvantage when in competition with other RO membrane pre-
treatment. Overall, lime clarification remains a premium pre-treatment candidate to maximize 
the performance of a subsequent RO membrane system when secondary effluent exhibits 
elevated concentrations of sparingly soluble salts (Reardon et al. 2005). 
2.3.2.2 Coagulation/Flocculation/Clarification 
The purpose of coagulation is to destabilize the small particles in wastewater so that they 
will more readily coalesce into larger size particles that can be separated from the wastewater 
(Amritharajah 1980; Asano 1984). These functions are always associated with some type of 
solids-liquid separation process (e.g. sedimentation or filtration), and optimization of the 
coagulation process will depend on the type of separation process being used. Flocculation 
provides conditions that foster the particle transport needed for the growth of the floe 
created by coagulation into larger particles of settable size. Ferric salts, such as ferric chloride, 
ferric sulfate and aluminium (hydrated aluminium sulfate) are the most widely used 
coagulants in the wastewater treatment industry today. A flocculant, most typically a 
polyelectrolyte, may sometimes be added to strengthen the structure of the floes against 
the breaking effect exercised by shear forces during filtration. Coagulant dose, pH, and 
energy of mixing are considered to be the primary factors controlling coagulation whereas 
coagulant type, turbidity, and temperature of water are recognized as secondary factors. 
Ferric salts are more practical to use as coagulant than aluminium due to their wider 
operational pH range (4-11 compared to 5-6.5 for aluminium). Coagulation is particularly 
suitable for removing iron, manganese, and silica colloids, colour and Ferro-organics 
complexes that may be important foulants in RO treatment (Saad 1991). 
Although little data is available, traditional chemical coagulation/ flocculation/ clarification 
may not serve as an effective pre-treatment for RO membrane processes if not followed by 
filtration (Reardon et al. 2005). High total suspended solids loading and colloidal matter 
from a secondary clarifier could be effectively removed through this process. Proper 
selection of polymer and dosage would be the key to the performance of the downstream 
RO process units as they may foul the membranes. Ferric chloride has proven to be a better 
coagulant than aluminium for RO systems in water treatment because alum floe is known 
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to carry over to the succeeding membrane processes (Reardon et al. 2005). In coagulation 
targeted contaminants are viruses, humic/fulvic acids, proteins, polysaccharides with 
acidic groups, colloids smaller than membrane pores. The advantages of this pre-treatment 
are it reduces colloidal and NOM fouling and significantly improve membrane 
performance (less fouling and greater rejection) whereas disadvantages of this technology 
are that it requires proper dose that can be difficult to meet if feedwater quality varies 
rapidly I significantly, it may exacerbate fouling, it produces solid wastes, and ineffective 
in mitigating the fouling by hydrophilic neutral organics. 
2.3.2.3 Granular activated carbon (GAG) 
The International Desalination Association (IDA) conducted a technology and economic 
evaluation of GAC as a pre-treatment process for RO systems in wastewater reuse (El-
Rehaili 1995) through the review of literature and case studies. This process removes 
refractory organic compounds and to a much lesser extent, some inorganic compounds by 
adsorption. A large number of reclamation facilities in the Middle-East use the GAC process 
as a pre-treatment to the RO process (Reardon et al. 2005). The main reason for using GAC 
is its ability to remove most of the organic compounds believed to be responsible for RO 
membrane bio-fouling. Despite the suitability of the GAC technology for removing a large 
spectrum of water contaminants, (El-Rehaili 1995) point out that the operational problems 
with GAC encountered in water treatment are severely aggravated in wastewater treatment. 
These operational problems include the production of hydrogen sulfide, the creation of an 
environment favourable to biological growth, inadequate GAC transfer and feed equipment, 
undersized slurry and transfer lines, inadequate means for continuous, uniform feed to 
regeneration furnaces, inconsistent reactivation efficiency, and wasted energy. 
2.3.2.4 Adsorption 
In this process, we use porous or nonporous adsorbents in suspension or fixed contactor. The 
advantages of this process are this may increase/ decrease membrane fouling and this increases 
the removal of DBPs and DBP precursors. The disadvantages are possible exacerbation of 
membrane fouling and difficulty in removing PAC powders from treatment facilities. 
2.3.2.5 Pre-oxidation 
In this process, the gaseous or liquid oxidants, chlorine/permanganate, ozone are used. 
The advantages of this process are this process may reduce bio-fouling and NOM fouling, 
reduces the occurrence of bio-fouling, and increases organic removal (ozonation). The 
disadvantages of this process are; formation of DBPs may damage membranes incompatible 
with oxidants and may be ineffective in suppressing the growth of some microbial resistant 
to oxidants. 
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2.3.2.6 Pre-filtration 
In this process, various types of filters are used to treat the effluent before feeding into 
the RO membrane. The advantages of this process are that it may reduce fouling to 
different extents; reduce bio-fouling, colloidal fouling, and/ or solids loading. The 
disadvantages of this process are that the performance of pre-filters may be deteriorate 
and be difficult to recover, may require pretreatment (e.g., coagulation or pre-oxidation) 
to enhance the efficiency. Names of the some pre-filtration are membrane pre-filtration, 
granular media pre-filtration, conventional packed-bed filter, other pre-filtration- fabric 
cloth, stainless steel, carbon sheet, string-wound polyester. Among them membrane pre-
filtration is effective for reducing fouling, but it fouled itself. 
2.3.2. 7 Media filtration 
The most commonly used final step for tertiary treatment at wastewater reclamation 
facilities is gravity filtration followed by disinfection. Filtration rates range between 2 - 5 
gpm/ ft2 and the filter media depth varies from 12 - 60 inches. Filter backwash rates 
range between 6-20 gpm/ ft2 depending on the filter media used. Filter material normally 
consist of the following materials used alone or in combination: silica sand with an effective 
size of about 0.45 - 0.55 mm; anthracite with an effective size of about 1.0 to 1.2 mm; 
fine garnet sand with effective size of about 0.3 mm; and coarse garnet sand with an 
effective size of about 1.0 mm (Reardon et al., 2005). 
2.3.2.8 Cartridge fiftration 
Cartridge filters are pressure-driven filters with pore sizes varying between 5 -15 microns. 
Most cartridge filters are usually polypropylene wound cartridges 30 to 40 inch long 
housed inside a vertical or horizontal stainless steel or fibreglass vessel. Cartridge filters 
provide a final level of protection against the introduction of relatively large solids into 
the RO process (Reardon et al., 2005). Generally, the pressure drop across a clean cartridge 
filter is between 0 to 5 psi. This head loss increases over time and once it reaches the 
threshold pressure range of 10-12 psi, the filter needs to be replaced. 
2.3.2.9 pH adjustment 
Lowering of the feedwater pH by the addition of acid is often used to control scaling in 
RO processes treating secondary effluent especially from the salts of carbonates and 
sulphate (Reardon et al., 2005). A low pH enhances conversion of carbonate into 
bicarbonate species, which are more soluble. However, cellulose acetate RO membranes 
are prone to hydrolysis below pH of 5 with an optimum range from 5 to 7 (Paranjabe et 
al., 2003). On the other hand newer polyamide RO membranes have a much broader 
PH range between 2 and 11. 
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2. 3.2. 10 Biocide addition 
Biocide application to the feed water and/ or backwash water of RO membrane systems 
helps to control microorganism growth that is responsible for membrane bio-fouling 
(Reardon et al., 2005). Careful use of this technique is recommended to avoid adverse 
interactions between the biocide and the membrane. Kramer and Tracey (1995) provide a 
good discussion on the merits and drawbacks of using different biocides such as chlorine, 
UV light, ozone, and peracetic acid. 
2.3.2. 11 Anti-sealant addition 
Anti-sealants are polymeric compounds that either prevent scale formation entirely or 
permit formation of scales that can be easily removed during cleaning (Reardon et al., 
2005). Anti-sealants enhance the production of complexes with the targeted ions to prevent 
formation of inorganic insoluble solids. Studying the interaction of pH, anti-sealant, and 
humic acids on the performance of RO membrane in Boca Raton, Florida, (Richard et al., 
2001) reported that certain commercially available anti-sealants and dispersants increased 
the fouling rate of humic acids on RO membranes. 
2.3.3. Physical-chemical-biological pre-treatment 
Submerged Membrane bioreactors (MBRs) are the most recent membrane technology to 
be applied for the pre-treatment of secondary effluent prior to RO treatment (Reardon et 
al., 2005). Membrane bioreactors use membranes to provide separation of the mixed liquor 
solids at the end of the activated sludge process in place of the traditional gravity secondary 
settling tanks. In this technology, a small pressure differential is used to collect high-quality 
effluent on the permeate side of the membranes while the biomass remains inside the 
activated sludge process. This eliminates the need for the clarifiers as well as tertiary filters. 
The membranes can be immersed directly in the aeration tanks, mounted in separate 
membrane tanks, or mounted externally from the aeration tanks. 
Membrane bioreactor (MBR) can also be considered as a pre-treatment for RO, but so far 
there are only a few facilities using it in this application (Reardon et al., 2005). Because the 
MBR process is a relatively new innovation, very little information is available to judge 
its effectiveness as pre-treatment for RO but the most acceptable commercial type of 
MBR for municipal wastewater applications is outside-in HF bundles that are immersed 
within the aeration tank, in contrast to membrane units that are installed external to the 
aeration tank (Reardon et al., 2005). 
2.4 Pre-treatments for major fouling 
Bio-fouling is caused by growth of micro-organisms in modules and is the result of the 
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complex interaction between the membrane material, fluid parameters (such as dissolved 
substances, flow velocity, pressure, etc.) and micro-organisms. The main source of 
microbial contamination is the feed water, particularly which contains high numbers of 
micro-organisms tends to cause microbial problems (Visvanathan et al. 2002). Bio-fouling 
is most complicated and little understood fouling with less developed and less effective 
pre-treatment options. The options for mitigating bio-fouling are removal of nutrients 
from feed water, physical and chemically enhanced cleaning, disinfection and biocides 
application. This fouling can be controlled; by removal of degradable components from 
the feed water (Temperely 1995), ensuring the relative purity of the chemical dosed and 
performing effective cleaning procedures (Dabbagh 1995). It has been reported that cleaning 
procedures applied when fouling is not a problem might delay biofilms formation (Hilal 
et al. 2004). DOW (2008) find that the most successful approach for bio-fouling prevention 
is the limitation or removal of nutrients for micro-organisms from the feedwaters in order 
to limit biological growth that can be achieved with bio-filtration. The continuous addition 
of oxidation chemicals such as chlorine may increase the nutrients level because organic 
substances may be broken down to smaller biodegradable fragments. The dosing chemical 
such as anti-sealants or acids must be carefully selected because they may also serve as 
nutrients. Preventive treatments are much more effective than corrective treatments because 
single attached bacteria are easier to kill and remove than a thick, aged bio-film. The 
attachment of bacteria to a membrane surface and their growth can be minimised by a 
surface modification of the membrane. In addition, this fouling may be minimised by 
applying the biocide, and some other chemical such as sodium bisulphate, chlorine etc. 
but if not done properly the application of these chemical arises the other fouling problems. 
Some of the preventive strategies for bio-fouling are (DOW 2008): (a) assessment of the 
bio-fouling potential (culture techniques, TBC, assimilable organic carbon (AOC), bio-film 
formation rate (BFR); (b) chlorination/dechorination; (c) sodium bio-sulfite; (d) DBNPA 
(2,2, dibroma-3-nitrilo-propionamide); (e) combined chloramines; (f) other sanitization 
agents (copper sulphate, ozone, idonine, quaternary germicides and phenolic compounds); 
(g) bio-filtration; (h) MF /UF; (i) UV irradiation and (j) use of fouling resistance membranes. 
One of strategy may be lowering feedwater pH with acid addition, is often used to control 
scaling in RO processes treating secondary effluent especially from the salts of carbonates 
and sulphate (Reardon et al. 2005). A low pH enhances conversion of carbonate into 
bicarbonate species, which are more soluble. However, cellulose acetate RO membranes 
are prone to hydrolysis below pH of 5 with an optimum range from 5 to 7 (Paranjabe et al. 
2003). On the other hand newer polyamide RO membranes have a much broader pH range 
between 2 and 11 for an operation on a continuous basis and up to pH 12 for short-term 
cleaning. Another strategy may be the use of anti-sealants for controlling the scaling. Anti-
scalants are polymeric compounds that either prevent scale formation entirely or permit 
formation of some scales that can be easily removed during backwashing of membranes 
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(Reardon et al. 2005). These enhance the production of complexes with the targeted 
salts to prevent the formation of inorganic soluble solids, and thus can increase the recovery 
in a RO system. For example, the addition of a high-quality anti-sealant can increase the 
solubility of silica from 130 to about 240 mg/L (Amjad et al. 1997). Most of the membrane 
manufactures and suppliers of scaling inhibitors provide membrane selection and design 
software to predict the scaling properties of the water. Examples include ROPRO developed 
by Fluid Systems, ROSA developed by Dow Flimtec, and the RODESIGN (now IMS) 
developed by Hydranautics. A simple understanding of the concept, however, is obtained 
from the solubility products of the most common sparingly soluble salts, which are readily 
available (DOW 1995; Stumm and Morgan 1996). In summary, for scale prevention it is 
very important to operate large scale RO systems at conditions lower than the critical 
solubility limits. For small scale RO plant, lowering recovery with preventive cleaning is 
effective for reducing scale potentiality. 
Dissolve organic carbon (DOC) can be used as an indicator for organic fouling, but this 
indicator may neither proper nor adequate to predict the organic fouling. However, 
measurement of DOC of feed, we can evaluate potentiality of thi~ fouling. Micro-filters 
usually remove insignificant amount of organic matter, as measured by DOC. Adsorption 
can remove organics which are not removed by conventional chemical and biological 
treatment methods (Tchobanoglous and Burton 1991). The flocculation-adsorption process 
was able to remove 86% of COD from domestic wastewater (Addessemed et al. 2000). 
GAC filtration is very effective in removing Oxidizing agents and organic matter, but 
possible in removing bacteria. Biological filters typically consist of GAC beds that are 
optimised for microbial utilization of a portion of the NOM in the water. The surfaces of 
filter media act as a support for microbial attachment and growth, resulting in a biofilms 
adapted to using the organic matter found in particular water. Bouver and Crowe (Bouver 
1988) found that removal of total organic carbon (TOC) in these filters range from 5 to 75 
percent. The GAC bio-adsorption is used extensively for achieving superior removals of 
particulate organic matter and dissolved solids from wastewater effluents by biological 
and adsorption processes. The experimental results showed that the most suitable pre-
treatment was flocculation followed by adsorption leading to a TOC removal of 90% (Shon 
et al. 2004). Adsorption of organic substances on the membrane surfaces causes flux loss, 
which is irreversible in serious causes. The adsorption process is favoured with high 
molecular mass compounds when these compounds are hydrophobic or positively charged. 
A high pH value helps to prevent this fouling, because both the membrane and many 
organic substances assume as negative charge at pH >9. Organic present as an emulsion 
form an organic film on the membrane surface so must be removed on pre-treatment. 
Organics occurring in natural waters are usually humic substances (concentrations range 
0.5 and 20 mg/L of TOC) when this range exceeds 3 mg/L need pre-treatment. Humic 
substances can be removed by coagulation process with hydroxide floes, by UF or 
Pre-Treatment technologiesfor reverse osmosis (RO) during water recovery I 157 
adsorption on activation carbon. Coagulation or activated carbon must also be applied 
when oils (hydrocarbons or silicon-based) and greases contaminate in the RO feed water 
at levels above 0.1 mg/L. These substances are readily adsorbed onto membranes surface. 
They can be cleaned off, however, with alkaline cleaning agents if the flux has not declined 
by more than 15%. The pre-treatment options for mitigating this fouling are biological 
and physical filtration etc. Among the options, coagulation with adsorption option may 
be the best one for mitigating this fouling. 
In most cases, particles and colloids cause the reversible fouling as their accumulation on 
membrane surfaces can be easily removed by hydraulic cleaning measures such as 
backwash and air scrubbing (Reardon et al. 2005). But, if the particles and colloids size 
are smaller than the membrane pore size than there might be case of irreversible fouling 
as these particles and colloids can enter and trapped within membrane structure matrix 
and not easily be cleaned by hydraulic cleaning (Reardon et al. 2005). This type of fouling 
is dominates in case of RO applied in water reclamation when there is integration of 
inappropriate pre-treatment options. The pre-treatment options for mitigating this fouling 
are physical cleaning for the minor fouling both physical and chemical cleaning if fouling 
is the major one. Generally, cartridge filters applied before feeding are found effective in 
removing this type of fouling. Coagulation and adsorption are widely used pre-treatments 
options for this fouling. Baek and Chang (2009) experiment results showed that membrane 
filterability was enhanced by addition of alum and ferric sulphate respectively, which 
was due to the effective destabilisation of colloidal particles, as confirmed by measuring 
particle size distribution (Baek and Chang 2009). During treatment, soluble foulants 
present in secondary effluents were entrapped to coagulated floes and removes the 
colloidal particle responsible for fouling. Their results further shown that the hydrophobic 
membrane showed high flux decline than the hydrophilic membrane and flux enhanced 
significantly in the later than initial one, for these reasons; they recommended that for 
the purpose of controlling membrane fouling, a pre-treatment using coagulation is more 
efficient for hydrophobic against hydrophilic (Baek and Chang 2009). Similarly, 
Jarusutthirak and Amy observed that SMP or soluble EPS, particularly the hydrophilic 
colloids and macromolecules were major foulants of NF /RO membranes used for water 
recovery (Jarusutthirak and Amy 2006) so careful strategies required for mitigating there 
foulants. Some strategies for controlling/preventing this fouling are; assessment of the 
colloidal fouling potentiality such as SDI, MFI, turbidity etc (monitoring of these indices 
are very important and at least taken thrice a day recommend for surface feedwaters), 
media filtration, oxidation filtration, inline filtration, coagulation/ flocculation, MF /UF, 
cartridge micro-filtration, and others (lime softening for silica removal, strong acid cation 
exchange resin softening, anti-foulants). 
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3 QUALITATIVE AND QUANTITATIVE RANKING 
Firstly, literature review was conducted to identify potential fouling water quality 
parameters (PFWQPs) and the level of pre-treatment they require before being fed into 
RO systems. The review helped to allocate appropriate points for each pre-treatment 
option on their performance in treating PFWQPs and to give suitable weighting according 
to fouling potentiality of these selected PFWQPs. This study uses the ranking matrices 
for evaluating selected pre-treatments with chosen PFWQPs. 
3.1 Selected pre-treatment options 
The selected pre-treatment options for both qualitative and quantitative ranking are; 
Fine-screens and micro-screens, Inline filters/ Cartridge filters, Coagulation/ 
Flocculation/ Sedimentation, Lime clarification/ GMF, G/PAC, PH adjustment, Anti-
scalant addition, MF, UF, and MBR. 
3.2 Major parameters for evaluating fouling potentiality to reverse osmosis 
The foulants present in the secondary effluent depends on characteristics of effluent and 
secondary treatments applied in water reclamation plants. The largest particles in 
secondary effluent would be measurable as suspended solids, but RO would be best 
protected from fouling if suspended solids were completely absent (DOW 2008). Studies 
performed in the 1970s implicated colloids of less than 5 µmin diameter as the primary 
causes of flux loss in RO treatment (Winfield 1979; Winfield 1979a). The important features 
of colloids that contribute to their fouling potential include their charge and surface 
area. Adsorption of colloids can occur on the membrane surface as well as within the 
polymer matrix of the RO membrane. Additional foulants include low-molecular-weight 
dissolved organic components, sparingly soluble salts, metal oxides and hydroxides, and 
biological agents (DOW 2008). Because of the difficulty in isolating the impact of a single 
fouling agent, aggregate or lumped parameters are frequently used to measure foulants. 
For example, the measurement of the TSS concentration will include organic and inorganic 
solids, as well as entrapped bacteria, viruses, and colloids. 
Membrane fouling potential of RO membrane in wastewater reclamation is measure by 
following below given parameters on dot points (Reardon et al., 2005): 
>' TSS (Total suspended solids); 
>' Turbidity; 
>- Silt density index (SDI); 
>- Modified silt density indices; 
>- Saturation indices; 
>' Zeta potential; 
>' Particle counting; 
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Y Total organic carbon; and 
Y Trans-membrane pressure (TMP). 
Among them we are using some methods in this experiment for measuring fouling 
potential are listed and briefly describe on the below mentioned paragraphs: 
3.2.1 Total suspended solids {TSS) 
TSS is the broadest measure of fouling potential for RO membranes. Wastewater treatment 
plant effluents are routinely sampled to measure the TSS, as it is a nearly universally 
regulated parameter. The most common analytical methods are those contained in 
Standard Methods for the Examination of Water and Wastewater (APHA/ AWWA/ 
WEF 1999), the U.S. EPA Test Methods (EPA 2001), and ASTM D-3977 (ASTM 2002). 
The measurement of TSS is necessary to know about the fouling potential of suspended 
solids and performance analysis of pre-treatment used in study. Portion of the TS retained 
on a filter with a specified pore size, measured after being dried at a specified temperature 
(105°C). The filter used most commonly for the determination of TSS is the Whitman 
glass fibre filter, which has a nominal pore size of about 1.58 µm. 
A typical monthly average permit limit for TSS is 30 mg/L, with a maximum day limit 
that is 1.5 times higher. A well-operated secondary treatment plant will however, produce 
a secondary effluent with TSS concentrations between 5 and 20 mg/L. Given the desired 
goal of zero TSS in RO feed water, pre-treatment to remove suspended solids is essential. 
3.2.2 Turbidity 
Turbidity is an expression of the optical property of water that causes light to be scattered 
and absorbed rather than transmitted in straight lines through the sample. It is caused 
by suspended and colloidal particulate matter such as clay, silts, finely divided organic 
and inorganic matter, plankton and other microscopic organisms. The measurement of 
turbidity is necessary to assess the quality of feed, permeate and retentate effluent. 
Test methods for turbidity of water are described in ASTM 01889 (DOW 2008), in ASTM 
D6698 and Chapter 2130 of Standard Methods for the Examination of Water and Wastewater 
20th Editions (GEC Filtration 2010). Turbidity is often used for online control of particle 
filtration processes. The turbidity of feed water to RO /NF should be less than 1 NTU as 
one of the minimum requirements of feedwater. Particles that cause light scattering, 
which is measured as turbidity, vary in size between 1 nm and 1 mm (McCoy et al., 
1986). Correlation of turbidity with weight or particle number concentration of suspended 
matter is difficult because the size, shape, and refractive index of particles affect the 
~ght-scattering properties of the suspension. However, a ration of TSS-to-turbidity of 2:1 
18 often suggested (Geselbracht 1996). On this basis, typical secondary effluent would 
have turbidity values of between 10 to 20 NTU. Manufacturers of RO membranes strongly 
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recommend a turbidity value of less than 1 NTU in RO feed water (Kasper 1993). Thus 
the removal efficiency goal for turbidity should be on the order 95%. Because of the need 
to achieve a low turbidity, on-line turbidity measuring devices should have a detection 
range between 0 to 1 NTU. 
3.2.3 Silt density index (SDI) 
The SDI is the most widely used measurement to estimate the fouling tendency of a 
membrane feed water. SDI is an indirect and empirical measurement of filterability. 
Membrane manufactures usually recommended discrete measurements of SDI using the 
ASTM standard test D-4189 (ASTM 2000). 
The SDI can serve as a useful indication of the quantity of particulate matter in water and 
correlates with the fouling tendency of RO /NF systems. The SDI is calculated from the 
rate of plugging of a 0.45 im membrane filter when water is passed through at a constant 
applied gauge pressure. For more details refer to ASTM D4189 (DU 2006). SDI is also 
sometimes referred to as the Fouling Index (FI) (DOW 2008). 
Briefly, the SDI test procedure involves filtration of the sample through a 0.45 µm (pore 
size) membrane pressurised at 30 psi and operated in the dead-end filtration mode. A total 
time interval of filtration selected (5, 10, 15 min, depending on the quality of the water). The 
time to filter the first 500mL of sample (t) and the time to filter the last 500 mL (tf) during the 
total time interval (ly= 5, 10or15 min) are recorded. The SDI is then calculated as: 
SDI= 100(1- t/ tt) / tT 
The value of SDI increases from zero as tfexceeds ti' which occurs if the membrane fouled 
during the prescribed filtration time, tr 
Although RO membrane manufactures typically recommend that the SDI of the feed water 
to the RO membranes be less than 5, others recommend the SDI be less than 2 for an RO 
feed water and less than 3 for NF feed water (McCoy 1986; ASTM 2002). Automated on-
line SDI monitors have been developed and are available commercially. These devices are 
capable of recording transient spikes in SDI that are difficult to detect with manual SDI 
test. The major drawback of the SDI test is its inability to predict the magnitude of membrane 
fouling directly. The manual test requires a 0.45-µm pore-size filter to capture particles, so 
that most of the potential foulants in RO (colloids and dissolved organic macromolecules) 
are not measured because they pass through the filter (Boerlage 2001). Another drawback 
of SDI measurement is the inadequacy of the test setting to represent actual conditions in 
an RO treatment process. As discussed, all RO membranes used to treat secondary effluent 
operate in a cross-flow mode. However, the dead-end mode is used in the SDI test. Thus, 
the SDI test will tend to over-predict fouling on membranes because all foulants in the test 
would accumulate into a cake layer, whereas the cross-flow nature of RO carries some 
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foulants away from the surface. 
Water temperature is important in the SDI test because it determines the viscosity of the 
water, which in tum affects the resistance to filtration. Unless the SDI test is conducted at 
the same temperature as the water to be treated, the utility of the result is limited. 
Unfortunately, very little information is available on the effect of temperature on SDI results. 
3.2.4 Modified silt density indices (MF/s) 
The MFI is proportional to the concentration of suspended matter and is a more accurate 
index than the SDI for predicting the tendency of water to foul RO /NF membranes. The 
method is the same as for the SDI except that the volume is recorded every 30 seconds 
over a 15 minute filtration period. The MFI is obtained graphically as the slope of the 
straight part of the curve when t/V is plotted against V (tis the time in seconds to collect 
a volume of Vin litres). For more details refer to Schippers et al (Winfield 1979"). A MFI 
value of < 1 corresponds to a SDI value of about < 3 and can be considered as sufficiently 
low to control colloidal and particulate fouling. More recently, UF membranes have 
been used for MFI measurements. This index is called MFI-UF in contrast to the MFI0.45 
where a 0.45 µm membrane filter is used (Boerlage et al., 2003). A number of modifications 
of the standard ASTM test for SDI have been proposed to improve its ability to predict 
membrane fouling. These modifications include the Modified Fouling Index (MFI) 
proposed by Schippers and Verdouw (Schippers 1980), the MFI-UF index proposed by 
Boerlage (Boerlage 2001), and the Cross Flow Index (CFI) proposed by Argo Scientific to 
account for cross-flow geometry (Geselbracht 1996). The principal characteristics of these 
modified tests are summarised in table 1 (EPA 2001). 
Table 1: Characteristics of the SDI test and its modifications 
Test Maximum Sampling Fouling Flow mode Reference (s) 
Pore Size Times Threshold 
Value 
SDI 0.45 µm 5, 10, and <5 (spiral- Dead- ASTM 0-4189 (American 
15 min wound) end Society for Testing and 
Materials 2000, Kasper 1993) 
MFI 0.45 µm Every30 sec Dead-end Schippers and Verdouw, 1980 
for 15 min 
MFI- 13k0a 
lJF* MWCO Dead-end Boerlage, 2001 
CFI Cross-flow COM, 1997(Geselbracht1996) 
*Polyacrylonitrile membrane 
162 I Solutions to E11viro11111cntal Challenges through /1111ovatio11s in Research 
MFI is not a true measure of the importance of foulants that could impact high pressure 
membrane performance (EPA 2001 ), so we are not using this fouling potentiality measurement 
in our experiment. We are also not using MFI-UF, which is similar with MFI test, with the 
exception that a UF membrane (a polyacrylonih·ile membrane with a 13-kDa MWCO was 
initially tested) is preferred over the standard filters of 0.45-pm pore-size. This index 
incorporates the fouling potential of smaller colloidal particles not measured by MFI or SDI. 
As with the SDI and MFI, the MFI-UF test accounts for cake filtration as the dominant 
filtration mechanism. Argo Scientific developed a cross flow index (CFI) that simulates the 
cross-flow filtration path found actual RO plants (Geselbracht 1996). Instead of a dead-end 
flow-through path, the feed flows across the membrane and only a part of the feed passes 
through the membrane. As with any batch test, the SDI test and its modifications all suffer 
from the drawback that generalizations of fouling potential are not possible. The test results 
apply only to a given feed-water sample. They can provide an indicator of changes in fouling 
characteristics of feed water at each sampling time, but a general relationship to membrane 
performance on a continuous time scale is difficult to achieve. 
3.2.5 Saturation indices (SI) 
Saturation indices measure the propensity of a feed water to result in scaling (abiotic fouling) 
on an RO membrane. Specifically, they attempt to estimate the potential of a sparingly 
soluble salt, CaC03 to precipitate from solution. The main saturation indices used in the 
water/wastewater treatment industry are listed in the below table 2 (Reardon et al., 2005). 
Table 2: Interpretation of saturation indices for abiotic Fouling 
Test Value Interpretation References 
LSI 2 Scale-forming but non-corrosive Langelier 1936 
0.5 Slightly scale-forming and corrosive ASTM D3739-94 (International 
2003) 
0 Balanced but pitting corrosive possible 
-0.5 Slightly corrosive but non-scaling forming 
-2 Serious corrosive 
Stiff- Same Same as LSI Stiff and Davis 
Davis as LSia 
Index 1952 
RSI 4.0-5.0 Heavy scale Ryznar 1944 
5.0-6.0 Light scale 
6.0-7.0 Little scale or corrosion 
7.0-7.5 Corrosion significant 
7.5-9.0 Heavy corrosion 
>9.0 Corrosion intolerable 
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The Langelier Saturation Index (LSI) is the most commonly used index for determining the 
calcium carbonate scaling property of the feed water (Langelier 1936; Thibodeaux 1979). 
LSI= pH-pHs 
Where, pHs is the calculated pH of water corresponding to calcium carbonate precipitation 
at given calcium and alkalinity concentrations, temperature, and ionic strength (Kasper 
1993). At an LSI value greater than zero, the water is supersaturated with calcium carbonate 
and would likely scale the pipe or membrane. A value below zero would mean the water 
is under-saturated with respect to calcium carbonate. 
The Stiff and Davis Index (S&DI) (Stiff and Davis 1952) was developed to overcome the 
shortcomings of LSI at high total dissolved solids concentrations and to account for the 
impact of the "common ion" effect. It uses the same formulation as the LSI except for the 
calculation of the saturation pH. The S&DI will predict that water is less susceptible to 
forming scale than the LSI calculated at the same water chemistry and conditions. The 
Ryznar Stability Index (RSI) (Ryznar 1944) was an attempt to correlate an empirical database 
of scale thickness observed in municipal water systems to the water chemistry. Like the 
LSI, the RSI also attempts to quantify the relationship between calcium carbonate saturation 
state and scale formation: 
RSI= 2(pH
5
)-pH 
The use of saturation indices to predict scaling of RO membranes suffers the following 
drawbacks (El-Manbharawy 2001): 
~ LSI, RSI and S&DI are based on the concept of super saturation at elevated 
temperature under sufficient contact time. 
~ All index calculations involve analytical values for calcium, alkality, and pH rather 
than ion-pairs and their probable distribution in a specific water type. 
~ The effect of common and uncommon ions on the solubility of other scale-forming 
species neglected. 
~ The LSI reverses (LSI= pH
5
-pH), and hence gives negative values for waters with 
low calcium concentrations and low alkalinity, if the pH is above the carbonate 
equivalence point. [The Caldwell-Lawrence diagrams provides better solution for 
these cases (Merrill 1979)] 
~ The indices ignore scale-forming species other than calcium carbonate, such as silica, 
magnesium silicate as a co-precipitate of magnesium hydroxide and silica, or 
calcium sulfate. 
3.2.6 Zeta potential (ZP) 
The zeta potential relates to the charge on colloids and is thus a measure of the ability of 
colloids to interact with and foul a membrane surface (ASTM 2000). Membrane 
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manufacturers usually recommend a negative zeta potential for the feed water, meaning 
that colloids with a negative charge are less likely to associate with a membrane that is 
typically negatively charged. In addition, values of oxidation-reduction potential of less 
than -30m V and less than -100 m V are recommended for the feed water and concentrate. 
respectively (Suratt 1995) to limit scaling of iron and sulfide. 
Zeta potential measurements can also be used to quantify the surface charge of membranes. 
In an extensive report, Elimelech and Childress (Stiff and Davis 1952) summarized the use 
of streaming potential analysers to measure the zeta potentials of RO and NF membranes, 
and provided a compendium of zeta potential measurements on leading commercial RO 
and NF membranes in various water chemistries. The following major findings with respect 
to membrane charge were made in the report (Stiff and Davis 1952): 
~ The pH of zero surface charge of commercial cellulose acetate and thin-film 
composite RO and NF membranes is between 3 and 5 (correspondingly, commercial 
RO and NF membranes are negatively charged at typical Qperating pH); 
~ The surface charge of RO and NF membranes is markedly influenced by the solution 
chemistry (mainly pH and ionic strength) of feed waters; 
~ Colloidal fouling can be reduced by destabilisation-flocculation when colloids and 
membranes are both highly negatively charged (which typically occurs at low ionic 
strength); and; 
~ Further investigation is required to understand the relationship between membrane 
charge and membrane performance (water flux, salt rejection, and fouling potential). 
3.2. 7 Particle counting (PC) 
Particle counters use light scattering, lasers, or ultrasound to measure the number and size 
of suspended particles. The minimum detection limit for size is in the range of 0.3 to 0.8 
µm, depending on the instrument. Older models, many of which are still use in today, are 
unable to detect particles smaller than 2 µm. Pre-treatment processes such as granular-
media filtration and MF remove particle larger than 2 µm. Hence, if the minimum detection 
limit of the particle counter is 2 µm, then particles that remain after pre-treatment, and 
which may still pose a fouling problem, cannot be measured. Particle counters tend to be 
very sensitive to vibration disruptions because their counter heads employ a delicate laser 
arrangement that, if disturbed, leads to false readings (NYC DEP 2000). 
Particle counters are often used for membrane integrity monitoring (Panglisch 1998). Pilot-
plant testing has shown that particle counting is more sensitive for on-line membrane 
integrity monitoring than turbidity monitoring (Panglisch 1998; Boerlage 2001). A 
mathematical relationship between the quality of raw water, number of defective fibers 
in a cross-flow membrane system, and the retention of particles to be expected can be 
determined (Panglisch 1998). From this relationship, the process designer or plant operator 
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can predict how sensitive the counter has to be and how many membrane modules can 
be monitored by only one counter. Most particle counters are employed for on-line 
measurements, but particles can also be measured less expensively in grab samples with 
the same particle-counting technology. However, as with all grab-sampling methods, 
the results provide only a discrete measure of water quality whose value as a monitoring 
tool depends upon the frequency of sampling. 
3.2.8 Total organic carbon {TOC) 
Total organic carbon (TOC) is a measure of all the organic compounds in a sample, and 
excludes the inorganic carbon (IC) species, carbonate, bicarbonate, and dissolved carbon 
dioxide. Another commonly used term is "dissolved organic carbon" (DOC), which is 
operationally defined as the organic carbon content of water samples after passing through 
a filter with a 0.45 µm pore-size. Because treatment with high-pressure membranes requires feed 
water with essentially no suspended solids, pre-treatment should result in a TOC that is the same 
as the DOC. Standard methods for measurement of TOC and DOC are available (APHA; A WW A; 
WEF 1999). The preferred method for TOC analysis at low concentrations ( <1 mg/L), as may be 
necessary for RO feed waters, is the persulfate-ultraviolet oxidation method. 
TOC and DOC can be used as indirect measures of organic foulants. The analytical 
methods for more specific measures such as polysaccharides are not commonly available 
in laboratories at wastewater treatment plants; nevertheless, these methods could be 
incorporated in the future. On-line TOC monitors can provide TOC measurements of 
the feed water. For a typical secondary effluent, TOC values are normally below 20 mg/ 
L. TOC values less than 1 mg/Lare often required for reuse applications, especially for 
indirect potable reuse and certain industrial applications. 
3.2.9 Trans-membrane pressure (TMP) 
The TMP quantifies the pressure across the RO membrane, or the difference in pressure 
between the concentrate and permeatate. Any significant increase in the TMP is an 
indication of membrane fouling. This measurement has the advantages of being direct 
and instantaneous, and can signal an immediate need for action, such as membrane 
cleaning or replacement. Unchecked and extended membrane fouling can lead to 
irreversible surficial, as well as internal, damage to the membrane and degradation 
of effluent quality. Therefore, installation of either manual or automatic TMP 
monitoring device with built-in-alarm and shutoff controls is recommended on large 
systems. TMP = [(Pl+P2)/2]-P3 
Where, Pl= Feed pressure, 
P2= Retentate pressure, and 
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P3= Permeate pressure. 
The IMP ,·alue is require knowing about the membra.ne performance and fouling of 
membrane during operation. 
3.3 Potential fouling water quality parameters and their relationship 
The fouling potentiality of biologically treated secondary effluent (BTSE) depends on 
types and ranges of water quality parameters. The description of some potential fouling 
water quality parameters (PFWQPs) is briefly presented vvith their typical ranges and 
interrelationship among themselves. 
The total suspended solid (TSS) is considered ma.in potential fouling water qualit\' 
parameter (PFWQP) that affects fouling of RO membrane. Particles in secondar\ 
wastewater effluents cover a wide range of sizes inclusi\·e of settleable particles (> 100 
pm), super-colloids (1-100 pm) and colloids (0.001-1 pm) (Levine et al. 1991). The larger 
particles cause fouling by cake formation on surface of membrane, whereas smaller 
particles (colloids) may penetrate into membrane pores to cause pore fouling (Defrance 
et al. 2000), and both of these processes increases fouling, decreases the flux ultimately 
reduce membrane performances. The largest particles in secondary effluent V\'ould be 
measurable as suspended solids; which is the broadest measure of fouling potential for 
RO membranes and RO would be best protected from fouling if suspended solids were 
completely absent or zero (Reardon et al. 2005). Because of the difficulty in isolating the 
impact of a single fouling agent, aggregate or lumped parameters are frequently used to 
measure foulants. For example, the measurement of the TSS concentration will include 
organic and inorganic solids, as well as entrapped bacteria, viruses, and colloid. The 
desired goal of zero TSS in RO feed water, pre-treatment to remove suspended solids is 
essential. 
Recently, a new definition is presented for characterization of wastewater effluents is to 
consider all components less than 0.001 pm to be dissolved and those between 0.001 and 
1 pm as colloidal (Malpei et al.1997). A significant fraction of residual organic material 
in effluents from biological treatment is colloidal (Song 1998). H1e majority of these colloids 
are thought to be by-products of microbial degradation process, rather than contaminants 
that enter in raw wastewater and escape treatment (Makdissy et al. 2002; Jarusutthirak 
et al. 2003). As general guidance, 5-10 mg/L of colloidal solids are expected in secondary 
effluent after biological treatment and disinfection (Metcalf & Eddy 2003), so caution 
should be taken to minimise this before feeding into RO systems in order to reduce the 
fouling potentiality. These smaller sized colloids are distinguished from particles by their 
high surface area per unit volume and their surface charge. The high surface area allows 
them for adsorption of both organic and inorganic substances, which makes them complexes 
substances. The awrage higher molecular weight of EfOM is low (1,000-1,500 Da) (Kim et 
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al. 2003). The lower-molecular-weight dissolved component caused significant fouling NF 
or RO as these easily passed through MF and become potential foulants of them. But in 
case of MF, higher-molecular-weight EfOM is rejected and fouled this membrane. These 
particles are found in suspended or dissolved forms responsible for both surface and internal 
fouling. 
There was a remarkable correlation between the different fouling behaviours observed 
and the characteristics of fouling layers developed as fouling potentiality of EfOM increases 
significantly with increases in permeate recovery and stage of application (Zhao et al. 2010b ). 
The EfOM represents a large group of structurally complex, heterogeneous and poorly 
defined organic compounds derived from raw wastewaters and microbial metabolic 
activities in biological treatment systems but till date a few major components of EfOM 
have been identified. Within membrane properties, the hydrophobic membrane showed 
high flux decline than the hydrophilic membrane and flux enhanced significantly in the 
hydrophobic than hydrophilic one (Beak and Chang 2009). While SMP I soluble EPS 
particularly the hydrophilic colloids and macromolecules were observed as major foulants 
of NF/RO membranes in water recovery (Jarusutthirak and Amy, 2006). They concluded 
that the high-molecular weight fraction of SMPs is the major foulant in the high-pressure 
membrane filtration (Jarusutthirak et al. 2003; Jarusutthirak and Amy 2006). Similar results 
was showed by Schneider et al. (2005) as they confirmed EfOM as major RO foulant, which 
accumulate on membrane surfaces as sticky layer may entrap particulates or act as nucleation 
sites for sparingly soluble salts caused irreversible fouling in the later stage of operation. 
In inorganic foulants, Bartels et al. (2005) reported that Calcium phosphate to be an important 
scaling agent of RO membranes for wastewater treatment when operating at high recovery 
rates, which usually results in membrane pore blockage and more drastic flux decline than 
organic or colloidal fouling. Inorganic chemical precipitates are another source of foulants 
in NF and RO (Yoon et al.1998). Even if a precipitate is not present in feed stream, it can 
form as feed water is transported along length of an RO module in cross-flow mode. The 
concentration of dissolved inorganic solutes increases in direction of flow; because volume 
is reduced as permeates passes through membrane. Depending upon the inorganic species 
and pH, concentration of one or more solute may exceed its solubility product and begin 
to form a precipitate that causes membrane fouling referred as membrane scaling. The 
most commonly found salts in secondary effluent that might lead to precipitation in an NF 
or RO system are: carbonate and sulphate salts of calcium, barium, and strontium; iron 
hydroxides; and silica. The equilibrium solubility products of these salts change as a function 
of ionic strength, temperature, and pH of the feed water. High pH values, in range of 11-
12, favour the precipitation of most of these salts, although silica is an exception. The Electric 
Conductivity (EC) is a surrogate measure of these dissolved inorganic solids concentration 
and for particular water, a stable relationship between EC and TDS can be established. 
168 I Solutions to Environmental Challenges through Innovations in Research 
Total organic carbon (TOC} and dissolved organic carbon (DOC) can be used as indirect 
measures of organic foulants. Because treatment with high-pressure membranes requires 
feed water with essentially no suspended solids, pre-treatment should result in a TOC that 
is same as the DOC. For a typical secondary effluent, TOC values are normally below 20 
mg/L. TOC values less than 1 mg/Lare often required for reuse applications, especially 
for indirect potable reuse and certain industrial applications. Organic matter has particulate 
organic carbon (POC>0.45µm) and dissolved organic carbon (DOC <0.45µm). The PCX: 
can be evaluated in terms of suspended solids and turbidity, whereas the DOC is in term 
of TDS, EC, MW distribution and micro-pollutants (EDCs/PPCPs). There are three peaks 
of molecular weight distribution (MWD) of raw seawater 180, 800, 28,000 Da, the highest 
peak is in 800 Da, whereas in case of biologically treated secondary effluent (BTSE) there 
are five MW peaks found (i) 30kDa-50kDa, (ii) 1,500-800 Da, (iii) 800-500 Da, (iv) 250 Da 
and (v) <250 Da (Shon et al. 2009). 
The most membrane processes includes cartridge filters and media filtration as pre-
treatment to remove the majority of POC of above 0.45 µm, whereas reduction of DOC is 
mainly deals by membrane processes themselves. The effectiveness of membrane processes 
in treating organic matter in the BTSE is strongly influenced by DOC concentration, MW 
distribution and micro-pollulants (EDCs/PPCPs) (Shon et al., 2009). The removal of DOC 
from BTSE significantly depends on the membrane processes used. The DOC removal of 
MF, MBR, UF, NF and RO was 11 %, 75%, 45%, 86% and 92% respectively (Shon et al. 2006; 
Miura et al. 2007; Kim et al. 2008). 
Both chemical and biological oxygen demand (C/BOD) shows oxidising matters and 
possibility of microbial activities in secondary effluent, higher value means higher organic 
matter and micro-organisms so as potentiality of membrane fouling due to organic matters 
and increased activities of micro-organisms. The COD can be taken as the surrogate 
measurement of DOC but this representation may not be the actual characterisation of 
dissolved organic carbon. Secondary effluents contents nitrogen, phosphorus, carbon, and 
other nutrients; needed for microbial growth. In NF /RO process, biodegradable dissolved 
or colloidal organic matter will accumulate on the reject side of the membrane and serve as 
a substrate for growth of attached bacteria. Even though MF or UF pre-treatment give high 
efficiencies of microbial separation, a biofilms can regrow on NF and RO membrane if 
only a few microbes are present in the feed to serve as the seed (Ghayeni et al. 1998a). 
Controlling these nutrients is necessary to reduce the microbial activities in membrane 
and the bio-fouling. Moreover, monitoring of E. coli is necessary to assess presence of 
pathogenic bacteria and minimising bio-fouling. One of the strategies to control bio-fouling 
includes limiting the nutrient level so that a biofilms cannot grow and increasing the shear 
stress to produce a thinner biofilms (Flemming et al. 1996). 
Particles that cause light scattering, which is measured as turbidity, vary in size between 1 
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nm and 1 mm (McCoy 1986). Correlation of turbidity with weight or particle number 
concentration of suspended matter is difficult because the size, shape, and refractive index 
of particles affect the light-scattering properties of the suspension (Reardon et al. 2005). 
However, a ratio of TSS-to-Turbidity of 2: 1 is often suggested (Thibodeaux 1979; Geselbracht 
1996). So typical value range of TSS of secondary effluent is 10 to 20 mg/l then the suggested 
turbidity value range will be between 5 to 10 NTU. Manufactures of RO membranes strongly 
recommended a turbidity value of less than 1 NTU in RO feed water (Kasper 1993). The 
turbidity removal rates are also depending upon the membrane types. The turbidity can be 
well removed by MF(> 97%), UF (99%), NF (99%) and RO (99%) (Gray 2003). 
In this study, pre-treatment options are ranked based on their performance in treating 
the following potential fouling water quality parameters (PFWQP): TSS, TDS, Electrical 
Conductivity (EC), Total Organic Carbon (TOC), Biological Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), Total Nitrogen (TN), Total Phosphorus (TP), Turbidity, 
and E. coli. The PFWQPs selected were weighted based on their influence in fouling the 
RO membrane (Metcalf & Eddy 2003; Reardon et al. 2005; WEF 2006) from highest (5) to 
lowest (1). In this regard, the highest point was allocated to TSS, and lowest to E. Coli. The 
weightage for other PFWQP were: 4 points for TOC and Turbidity; 3 points for TDS, EC, 
BOD and TP; 2 points for COD and TN. The total suspended solid is considered the main 
PFWQP that affects the fouling of the RO membrane. Particles in secondary wastewater 
effluents cover a wide range of sizes inclusive of settleable particles (>100 µm), super-
colloids (1-100 µm) and colloids (0.001-1 µm) (Levine and Tchobanoglous 1991 ). The larger 
particles cause fouling by cake formation on the surface of the membrane, whereas the 
smaller particles (colloids) may penetrate into the membrane pores to cause pore fouling, 
and both of these processes increases the fouling, decreases the flux ultimately reduce the 
performance of the membrane. The largest particles in secondary effluent would be 
measurable as suspended a solid; which is the broadest measure of fouling potential for 
RO membranes and RO would be best protected from fouling if suspended solids were 
completely absent or zero in the feed source (Reardon et al., 2005). As the desired goal of 
zero TSS in the RO feed water, so pre-treatment is necessary to remove suspended solids is 
essential. Particles that cause light scattering, which is measured as turbidity, vary in size 
between 1 nm and 1 mm. Correlation of turbidity with weight or particle number 
concentration of suspended matter is difficult because the size, shape, and refractive index 
of particles affect the light-scattering properties of the suspension (Reardon et al., 2005). 
However, a ratio of TSS-to-turbidity of 2:1 is often suggested (Geselbracht 1996). 
3.4 Studies for evaluating pre-treatments for reverse osmosis 
The best way to prevent the formation of foulants is to remove the materials responsible 
for fouling before they come into contact with the RO membranes (Visvanathan, et al. 
2002). Strategies for fouling control include predicting fouling potential of the feed (Laine 
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et al., 2002), modelling (Cabassud et al. 2001) and monitoring (Flemming and 
Tamachkiarow 2002; Vrouwenvelder and Kooij 2002) the performance of the membrane 
under specific operational conditions, optimisation of the operational conditions (Bick 
and Oron 2001), cost-effective feed pre-treatment, dosing anti-sealant (Zeiher et al. 2003), 
removal of the reversible fouling using backwashing (Choksuchart et al. 2002; Kweo~J 
and Lawler 2002), and effective chemical cleaning (Laine et al. 2002). Liu et al. 200lf 
provide the relationship between the operating strategies with membrane fouling ranking. 
of no effects (negative effect to positive effects). 
Among these fouling control strategies, application of the suitable pre-treatment options 
may be the best one to prevent the membrane fouling as applied options tries to minimise 
materials responsible for this phenomenon. Pre-treatment is emerging as a most promising 
solution to control the foulants as it is simple and easy to implement (Shon et al. 2009). The 
application of pre-treatment is the first step in controlling membrane fouling, which could 
be either simple microfiltration without chemical addition or may involves processes such 
as pH adjustment, chlorination, addition of coagulants, sedimentation, decholorination, 
activated-carbon adsorption, and final polishing. Factors that should be considered while 
determining the need of pre-treatment are (Shon et al. 2009) (i) membrane materials 
(asymmetric cellulosic or non-cellulosic membranes, thin film ether, or amidic composite 
membranes etc), (ii) module (spiral warp, flat sheet or hallow fiber etc.), (iii) feedwater 
quality, (iv) recovery ratio and (v) final water quality. 
The efficiency and life of RO and NF systems may be increase by effective pre-treatment of 
feedwaters. Selection of proper pre-treatment will maximise efficiency and membrane life by 
minimising fouling; scaling and membrane degradation; and optimising; product flow, 
product quality (salt rejection), product recovery, operation and maintenance costs (OOW 
2008). Pre-treatment of feedwater must involve a total system approach for continuous and 
reliable operations. For example an improperly designed and/ or operated clarifier will result 
in loading the sand or multimedia filter beyond its operating limits. Such inadequate pre-
treatment often necessitates frequent cleaning of the membrane elements to restore 
productivity and salt rejection. The cost of cleaning, downtime and lost system performance 
can be significant. The various pre-treatment methods that can be applied are coagulation, 
flocculation/ sedimentation, fine and micro-screens, pH adjustment, activated carbon, 
membrane filtration, and disinfection by chemical additions or ultraviolet (UV) irradiation 
or sanitization etc. Tanninen et al. (2004) summarise the different methods of pre-treatments 
to membrane processes. This not only protects the membrane but also improves the 
performance of the membrane process Protection refers usually to the prevention of fouling, 
but also includes the protection against mechanical and chemical damage (Shon et al. 2009). 
The selection of these options is based on the foulants, membrane types and operating 
conditions. In some cases, integration of these options might be beneficial for mitigating 
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RO membrane fouling and sustaining the application. All of them have some advantages 
and disadvantages; some of them are technically feasible to remove foulants but may be 
still economically expensive. Various conventional and non-conventional pre-treatment 
technologies are used and tested as RO pre-treatments options for water recovery process. 
Among these pre-treatment technologies, some of them found more effective than other 
pre-treatment technologies. The study of WEF (Water Environment Federation), concludes 
that membrane pre-treatment for RO offer a small footprint, a high rejection level for many 
fouling agents and favourable costs (Reardon et al. 2005) and to date, MF is the most widely 
used of the available membrane pre-treatment alternatives. 
The combination of lime clarification and GMF was selected as RO pre-treatment process 
in nearly all full-scale wastewater reclamation plants installed prior to 1995 (Reardon et al. 
2005). The popularity of this pre-treatment method resulted from its ability to remove a 
large spectrum of contaminants such as phosphates, sulfate, organic matter, magnesium 
and calcium hardness, iron, manganese, and heavy metals, and to destroy or limit 
development of bacteria, protozoa, cysts, and viruses. In addition, the lime clarification 
remains a premium pre-treatment candidate to maximize the performance of a subsequent 
RO membrane system when secondary effluent exhibits elevated concentrations of sparingly 
soluble salts (Reardon et al. 2005). The performances of the conventional pre-treatment 
options are recorded in the qualitative values of selected parameters (Egozy et al.1988). 
The DOW (DOW 2008) quantitatively evaluated the major pre-treatment options for 
FILMTECHTM RO module, on basis of specific risks for scaling and fouling present from 
those options. It is a quick reference for "possible" and "very effective" methods. The 
authors of this study also conducted the qualitative and quantitative ranking of conventional 
and membrane pre-treatment options respectively based on the scores they attained in 
treating the water quality parameters that are considered essential. The authors found that 
among conventional pre-treatment options, the Lime clarification/Granular Media filtration 
(GMF) option is ranked as the best; whereas fine-screens/micro-screens option ranked as the 
least preferred optional (Pandey et al. 2011 ). But in case of quantitative ranking, the low 
pressure membrane technology such as ultra-filtration (UF) stood first, followed by MBR 
and micro-filtration (MF) (Pandey et al. 2011). The major foulants with their appropriate 
pre-treatment options and evaluation parameters are provided in details in below table 3 
Paranjape et al. done an extensive litature review on pretreatment options for RO 
membrane used in wastewater reclamation application past, present and future and 
resulted the fruitful outcomes on this topic (Paranjape et al. 2003). The various pilot 
testing of RO applied in secondary effluent were begins 1970s, all of them found and 
established the facts that successful application of RO requires that the RO feedwater 
receive a high level of pre-treatment to control the rate and extent of fouling on the RO 
membranes (Paranjape et al. 2003). The main purpose of pre-treatment is to attenuate or 
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Table 3: Major foulants with their appropriate pre-treatment options and evaluation parameters 
Types of Performance 
foul ants Best pre-treatment options evaluation PFWQPs References 
Particles Direct filtration (mono, dual and TSS, Turbidity, Kim et al. 2011 
multimedia), Coagulation and Particle number Shon et al. 2006 
flocculation, MF or UF, Cartridge counts (TOC), PSD, WEF2006 
filter, Electromagnetic treatment SDI, MFI, HPSEC 
Organic GAC and PAC adsorption, pH COD, UV254nm, Kim et al. 2011 
adjustment, Oxidation-filtration, MWD Shon et al. 2006 
In-line coagulation, Coagulation WEF 2006 
and Flocculation, Biological 
treatment 
Inorganic/ Anti-sealant, pH and temperature ZP,EC, TDS Reardon et al. 2005, 
Scaling adjustment, operation parameters, Paranjabe et al. 
solubility, Ion Exchange, Compact 2003 
accelerated precipitation softening, WEF2006 
media filtration, Oxidation filtration, 
In-line coagulation, Coagulation 
and Flocculation, MF or UF, 
Biological treatment, Electromag-
netic treatment 
Biological Biocides, bio-filter, filtration of Culture techniques, Reardon et al. 2005, 
TSS, Nutrients, contaminants TBC, assimilble Paranjabe et al. 
organic carbon 2003 
(AOC), bio-film WEF2006 
formation rate (BFR) 
eliminate the negative effects of fouling agents present in the secondary wastewater 
effluent on RO membranes (Paranjape et al. 2003). This clearly shows the importance of 
pre-treatment options for sustaining application of RO for water recovery. The magnitude 
of foulants and their occurrence frequency determines the frequency of cleaning, 
feedwater pressure (energy consumption), and membrane life-thereby affecting the 
operating costs. Paranjape et al. (2003) concluded that RO treatment of secondary effluent 
is challenged by fouling agents that pass through both MF /UF for this reason, there is 
need to identify these fouling agents and evaluate pre-treatment technologies that can 
removed these fouling agents. 
There are still some issues for reducing the membrane fouling with conventional pre-
treatments as often, colloids and suspended particles pass through these pre-treatments 
and contribute to difficult to remove (and possibly irreversible) RO membrane fouling 
(Brehant 2003). So a new trend in pre-treatments has been a movement towards the use 
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of larger pore size membranes (MF, UF) and submerged membrane bioreactors (MBRs) 
either MF of UF to pre-treat RO feed water (Greenlee et al., 2009). UF membranes seem 
to be, by far, the most common choice in research studies and pilot testing (Teuler et al. 
1999; Kamp et al. 2000; Pearce 2003; Tiwari 2006; Wilf 2006; Pearce 2007; Xu 2007). 
Currently from the study of existing and planned full-scale wastewater reclamation facilities 
showed that most of the facilities include MF as the most used pre-treatment schemes, 
followed by granular media filtration (GMF) in combination with chemical treatment and, 
last preferred is UF (Reardon et al., 2005). Before applying the MF or UF as a pre-treatment 
for RO, it is necessary to provide adequate pre-treatment of secondary effluent before feeding 
on these membranes in order to reduce the membrane fouling in the MF or UF. Till date, in-
line screens are commonly used ahead of these membrane processes (Reardon et al., 2005). 
Though, the key disadvantage of membrane pre-treatments (Teuler et al., 1999; Kamp et 
al., 2000; Pearce 2003; Tiwari 2006; Wilf 2006; Pearce 2007; Xu 2007) lay in the inherent 
propensity of a membrane to separate foulants from product water and, in the process, 
become fouled itself. But, these low pressure membrane technologies (LPMT) MF and UF 
have several advantages over conventional multi-media filtration as a pre-treatment of 
RO for water recovery. These pre-treatment membranes act as a defined barrier between 
the RO system and any suspended particles and lower feed water SDI to less than 2 (Tiwari 
2006), lower turbidity to less than 0.05 NTU (Wilf 2006; Pearce 2007; Xu 2007). Due to the 
superior removal of organic and particulate matter with membrane pre-treatment, the RO 
system can be operated at a higher permeate flux such as typical final permeate fluxes for 
a UF-RO system range from 15 to 24 L/ m2-h (Kamp et al., 2000; Pearce 2003), while the 
permeate flux exiting the UF pre-treatment stage is within 60-150 L/m2.h (Brehant 2003; 
Wilf 2006). In addition, these membrane pre-treatments reduce the general aging and 
destruction of RO membranes by feed water components; RO membrane replacement 
decreases, as well as the frequency of chemical (acid or base) cleaning. Moreover these 
membrane pre-treatment systems are becoming cost-competitive with conventional pre-
treatment systems as decreasing in capital cost, improvements in membrane technologies 
and reduction of costs of membrane materials. 
Low pressure membrane pre-treatments have more advantages than conventional pre-
treatments applied for RO such advantages (Reardon et al., 2005) are high removal of TSS, 
turbidity, and parasites, such as Giardia and Cryptosporidium, compact design suitable for 
space-limited areas, better pre-treatment process than lime clarification/GMF for RO based 
on higher achievable flux, and higher net water production water per unit area and per unit 
cost than lime clarification/GMF. The use of microfiltration (MF) or ultrafiltration (UF) as 
pre-treatment to reverse osmosis (RO) membrane process offers the benefits of additional 
high pathogen reduction credit as well as RO fouling mitigation for the treatment of secondary 
municipal wastewater. In addition, these processes provide an additional benefit that the 
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product water quality from the membrane is not dependent on the feed water quality. 
4. EVALUATION & RANKING OF PRE-TREATMENTS 
The study showed that values of selected parameters in the secondary effluent depend 
on the types of wastewater treatment systems used and associated pre-treatment/post-
treatment integrated. In the recent trend, use of low pressures membranes as pre-tr~atment 
e.g. Water21, Singapore NEWater, GWRS; Scottsdale Water Campus, Ariz; West Basin, 
Calif; Bundamba AWTP, Australia has been adopted. 
Table 4: List of MF/UF based BWRO (secondary effluent feeds) plants around the world 
Plant Location Membranes Pre-treatment 
used used References 
Water Factory 21, Orange County, MFand MF Veerapaneni et 
California USA BWRO al., 2011) 
Scottsdale Water Campur, Arizona USA MFandBWRO MF 
West Basin, California MFandBWRO MF 
-
Bundamba AWTP, Australia MFandBWRO MF 
Ulu Pandan WRP, NEWater Singapore MF/UF Franks et al., 2007 
andBWRO MF/UF 
Sulaibiya WR Plant, Sulaibiya, Kuwait, UF+RO Gagne, D. (2005) 
Middle East (Toray USA UF ASIRC (2005); Crisp, 
Kwinana Water R Plant, Brisbane, Basket strainers, G. (2005); and Gibbs 
Perth WA MBRandRO pH adjustment, and New land (2007) 
submerged 
MF(MBR) 
Wollongong water reclamation plant, 
Wollongong, NSW MF/RO MF 
Eraring Power Station, Lake 
Macquarie, NSW MF/RO MF 
Eastern Irrigation Scheme, Werribee, VIC UF MF 
Altona Treatment Plant, Melbourne, VIC UF/RO Strainer 
filter, UF 
Gippsland Water Factory, Gippsland, VIC MF/RO MF 
The Northern Treatment Plant, Corio, VIC UF/RO Fine Screen, 
BTM,UF 
Victor Harbor, SA MBR(MFor 
UF) Largest 
MBRplantin 
Australia UF/MF 
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Table 5: List of MF/UF based SWRO plants around the world operated from 
2000-2011 (Veerapaneni et al., 2011) 
Plant Location Membrane used Pre-treatment used Established date 
Addur Bahrain MF /UF and SWRO MF/UF 2000 
Fukuoka, Japan MF /UF and SWRO MF/UF 2005 
Wang Tan, China MF I UF and SWRO MF/UF 2005 
YuHuan, China MF /UF and SWRO MF/UF 2006 
Jeddah Port, Saudi Arabia MF /UF and SWRO MF/UF 2006 
SNAM,Italy MF /UF and S\VRO MF/UF 2006 
Taranto, Italy MF /UF and SWRO MF/UF 2006 
SNAM,Italy MF /UF and SWRO MF/UF 2006 
PalmJumeirah, UAE MF /UF and SWRO MF/UF 2007 
Yueqing, China MF /UF and SWRO MF/UF 2007 
Qingdao, China MF /UF and SWRO MF/UF 2007 
Colakoglu, Turkey MF /UF and SWRO MF/UF 2007 
Nuh Cement, Turkey MF /UF and SWRO MF/UF 2007 
Shoaiba Barge, Saudi Arabia MF I UF and SWRO MF/UF 2008 
Cyprus, Cyprus MF /UF and SWRO MF/UF 2008 
PengHu, Taiwan MF /UF and SWRO MF/UF 2008 
QingDao, China MF /UF and SWRO MF/UF 2008 
Shuweikh, Kuwait MF /UF and SWRO MF/UF 2009 
HamriyahPhl, UAE MF /UF and SWRO MF/UF 2009 
Accra (Nenghu), Ghana MF /UF and SWRO MF/UF 2009 
Kalba, UAE MF /UF and SWRO MF/UF 2009 
Huidong, China MF /UF and SWRO MF/UF 2009 
Nuh Cement 2, Turkey MF /UF and SWRO MF/UF 2009 
Addur, Bahrain MF /UF and SWRO MF/UF 2010 
Honaine Tlemcen, Algeria MF /UF and SWRO MF/UF 2010 
Perth II, Australia MF /UF and SWRO MF/UF 2010 
Yanbu IWPP, Saudi Arabia 
...._ MF /UF and SWRO MF/UF 2010 
_Thames Gateyway, UK MF /UF and SWRO MF/UF 2010 
~ishnapatnam, India MF /UF and SWRO MF/UF 2010 
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Plant Location Membrane used Pre-treatment used Established d;; 
Piura SWRO (Biwater), Peru MF /UF and SWRO MF/UF 2010 ~ 
Qingdao, China MF /UF and SWRO MF/UF 2010 
Tianjin, China MF /UF and SWRO MF/UF -2010 
Tobruk, Libya MF /UF and SWRO MF/UF 2010 
Salalah SWRO, Oman MF /UF and SWRO MF/UF 2010 
Costa del Sol, Spain MF /UF and SWRO MF/UF 2010 
Caofeidian, China MF /UF and SWRO MF/UF 2010 
Swakopmund, Namibia MF /UF and SWRO MF/UF 2010 
Eemshaven, Netherlands MF /UF and SWRO MF/UF 2010 
Magtaa, Algeria MF /UF and SWRO MF/UF 2011 
Adelaide, Australia MF /UF and SWRO MF/UF 2011 
Chennai Nemeli India MF /UF and SWRO MF/UF 2011 
From the that examples provided in above table 4 and table 5, it showed clearly that 
Low pressure i.e. MF /UF are not only the preferred pre-treatments for Sea Water RO 
but also dominant in the Brackish water RO while recovery water from secondary effluent. 
In addition, almost all of recently build RO used wastewater recovery applied either MF 
or UF as the pre-treatments. 
4.1 Qualitative ranking 
Fine-screens and micro-screens with mesh sizes of less than 500 microns are commonly 
used to pre-treat secondary effluent prior to MF or UF treatment, which in turn may precede 
RO treatment (Reardon et al. 2005). Whereas, cartridge filters are pressure-driven and have 
pore sizes between 5 and 15 µm. These filters prevent introduction of relatively large 
particles into the RO process. 
The two most commonly used pre-treatment methods for removing disinfection by-
products (DBPs) precursors are enhanced coagulation and PAC addition. The PAC and 
coagulation pre-treatment have been also shown to reduce or retard membrane fouling 
and to enhance permeate flux. Adsorption can remove organics which are not removed 
by conventional chemical and biological treatment methods (Tchobanoglous and Burton 
1991). Farahbakhsh and Smith (2002) found chemical coagulation proved to be very 
effective in removing DBPs precursors and reducing the rate of membrane fouling, whereas 
powdered activated carbon addition resulted in moderate removal of DBPs precursors. 
All performance studies of these options conclude that the use of these options prior to 
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RO or NF must be approached with caution as, if properly applied then these chemicals 
are very effective but when overdosed or dosed at the wrong pH, their use can cause 
more problems than solutions. The combination of lime clarification and GMF was selected 
as the RO pre-treatment process in nearly all the full-scale wastewater reclamation plants 
installed prior to 1995 (Reardon et al. 2005). The popularity of this pre-treatment method 
resulted from its ability to remove a large spectrum of contaminants such as phosphates, 
sulfate, organic matter, magnesium and calcium hardness, iron, manganese, and heavy 
metals, and to destroy or limit development of bacteria, protozoa, cysts, and viruses. 
The lime clarification remains a premium pre-treatment candidate to maximize the 
performance of a subsequent RO membrane system when secondary effluent exhibits 
elevated concentrations of sparingly soluble salts (Reardon et al. 2005). Biological filters 
typically consist of GAC beds that are optimised for microbial utilization of a portion of 
the NOM in the water. The surfaces of filter media act as a support for microbial attachment 
and growth, resulting in bio-film adapted to using the organic matter found in particular 
water. Bouver and Crowe (1988) found that removal of TOC in these filters range from 5 to 
75 percent. The GAC bio-adsorption is used extensively for achieving superior removals 
of particulate organic matter and dissolved solids from wastewater effluents by biological 
and adsorption processes. The results of Shon et al. (2004) indicate that the most suitable 
pre-treatment was flocculation followed by adsorption leading to a TOC removal of 90% 
(Shon et al. 2004). Lowering of the feedwater pH by the addition of acid is often used to 
control scaling in RO processes treating secondary effluent especially from the salts of 
carbonates and sulphate (Reardon et al. 2005). Anti-sealants are polymeric compounds 
that either prevent scale formation entirely or permit formation of some scales that can be 
easily removed during backwashing of membranes (Reardon et al. 2005). These enhance 
the production of complexes with the targeted salts to prevent the formation of inorganic 
soluble solids, and thus can increase the recovery in a RO system. 
The study followed the qualitative ranking exercise for conventional pre-treatment options 
and allocated points according to qualitative ranking. The qualitative ranking matrix for 
these options is provide in Table 6 with their ranking. Among conventional pre-treatment 
options, Lime clarification/ GMF stood first, whereas fine-screens I micro-screens stood last. 
However, some of the conventional options obtained similar total points and should be 
placed under same rank (such as Lime clarification/GMF and G/PAC). Similarly, in 
case of options such as fine-screens/micro-screens and anti-sealant addition, they can 
be ranked at same level. 
4.2 Quantitative ranking 
The study of Water Environment Research Foundation (WERF), concluded that membrane 
pre-treatment for RO offer a small footprint, a high rejection level for many fouling 
Table 6: Qualitative ranking matrix for pre-treatment options based on selected water quality parameters * 
Ranking c::::::::> TSS TDS Conduc- TOC BOD COD TN TP Turbi- E.Coli Total Ranks 
parameters (mg/L) (mg/L) tivity (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) dity (org/ Value 
Pre-treatment ~ 5*** 3*** (µmhos/ 4*** 3*** 2*** 2*** 3*** (NTU) lOOmL) Options cm) 3*** 4*** 1*** 
Fine screens/Micro screen 2** 0 0 0 0 1 0 0 1 0 4 VII 
(10) (0) (0) (O) (0) (2) (O) (0) (4) (0) (16) 
In-line screen/Cartridge Filters 2 1 0 1 1 1 1 1 1 0 9 IV 
(10) (3) (0) (4) (3) (2) (2) (3) (4) (0) (31) 
Coagulation/ flocculation/ 3 1 1 2 1 1 1 3 2 1 16 III 
sedimentation (15) (3) (3) (8) (3) (2) (2) (9) (8) (1) (54) 
Lime Clarification/GMF 2 2 2 2 2 2 2 2 2 2 20 I 
(10) (6) (6) (8) (6) (4) (4) (6) (8) (2) (60) 
G/PAC 2 2 2 2 2 2 2 2 2 1 19 II 
(10) (6) (6) (8) (6) (4) (4) (6) (8) (1) (59) 
pH adjustment 1 2 2 1 0 0 0 0 0 2 8 v 
(5) (6) (6) (4) (0) (0) (0) (0) (0) (2) (23) 
Anti-sealant addition 1 2 2 0 0 0 0 0 0 0 5 VI 
(5) (6) (6) (O) (0) (0) (0) (0) (0) (0) (17) 
*References: (Metcalf & Eddy 2003; Paranjape, Reardon et al. 2003; Reardon et al. 2005; WEF 2006) **Qualitative ranking on treatment performance: 3 Points for 
Excellent, 2 Points for Good, l Point for Fair and 0 Point for Poor, ***Individual PFWQP fouling potentiality value range 1-5 
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agents and favourable costs (Reardon et al. 2005) and to date, MF is the most widely 
used among the available membrane pre-treatment alternatives. UF can remove particles, 
small colloids and a fraction of macromolecules from the secondary effluent. The ability 
of UF removing these contaminants mainly depends upon the molecular weight cut-off 
(MWCO) of the UF membrane. (Qin et al. 2004) found that product water with average 
SDI of 1.6 and turbidity of 0.13 NTU was produced from the plant at a water recovery of 
over 90%. From the study, they (Qin et al. 2004) concluded that UF membrane used 
could be attractive as a pre-treatment prior to RO for reclamation of the secondary treated 
sewage effluent. A study carried out by Parameshwaran and Visvanathan 
(Parameswaran and Visvanathan 1998) found that, MBR performance in terms of process 
efficiency was very much satisfactory and the effluent from MBR complied with every 
aspects of the guideline and criteria for reclaimed water use in Japan for various purposes. 
Similarly, a research by Water Environment Federation found that effluent quality was 
almost similar in comparison between the MBR as pre-treatment and conventional 
activated sludge (CAS) followed by MF /UF as pre-treatments (WEF 2006). Tam et al. 
(2007) found that both MBR/RO and MF /RO plants performed excellent, they found 
that MBR or MF alone can bring the reclaimed water qualities acceptable for non-potable 
reuse applications, whereas addition of RO further improved the recovered water quality 
both aesthetically and microbiologically. They found that, in term of removal of total 
estrogens, MBR/RO performed better than MF /RO, thus indicating the important role 
of biomass, but in case of virus rejection, both MBR and MF were affected by the chemical 
membrane cleaning (Tam et al. 2007). From the results it showed that MBR/RO to perform 
better than the MF /RO for reclaiming acceptable water quality from secondary effluent. 
In case of quantitative ranking of modern pre-treatment options; UF stood first and MF 
stood last according to the points they achieved during ranking. Table 7 shows the matrix 
used for quantitative ranking the modern pre-treatments options with their ranking 
grades. 
The performance of MF and UF membranes for treating secondary effluent has been 
evaluated in many studies, but there is less conclusive decision about which pre-treatment 
options will be better for high pressure membranes RO. Some of the studies showed UF 
membrane performed better than MF membrane (Eriksson and Lien 2002), and some 
showed MF to be better than UF (Van Houtte et al. 1998), whereas some studies showed 
no significant difference in the performance in between these two membrane processes 
(Gagliardo et al. 2000). The results of several past studies of comparing relative performance 
of MF and UF for RO pre-treatment did not show a clear advantage in all situation for 
either MF or UF, although pre-treatment with UF generally allows a lower trans-membrane 
pressure (TMP) in RO at the expense of increased cleaning frequency for UF than the MF 
(Reardon et al., 2005). 
Table 7: Quantitative ranking matrix of pre-treatment options based on the selected water quality parameters* 
Ranking ~ TSS TDS Conduc- TOC BOD COD TN TP Turbi- E.Coli Total Ranks 
parameters (mg/L) (mg/L) tivity (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) dity (org/ Value 
Pre-treatment ~ 5*** 3*** (µmhos/ 4*** 3*** 2*** 2*** 3*** (NTU) 100 ml) Options cm) 3*** 4*** 1*** 
MF 3** 1 1 1 3 3 2 2 3 3 22 III 
(15) (3) (3) (4) (9) (6) (4) (6) (12) (3) (65) 
UF 3 2 2 2 3 3 3 2 3 3 26 I 
(15) (6) (6) (8) (9) (6) (6) (6) (12) (3) (77) 
MBR 3 2 2 1 3 3 3 2 3 3 25 II 
(15) (6) (6) (4) (9) (6) (6) (6) (12) (3) (73) 
*(Parameswaran and Visvanathan 1998; Qin et al. 2004; WEF 2006; Tam et al. 2007; Xu et al. 2010; Zhao et al. 2010) **Quantitative Ranking Value: 3 Point for 
Excellent 2 Points for Good 1 Point for Fair 0 Point for Poor,••• Individual PFWQP fouling potentiality value range 5-1 
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4.3 Selected case studies operated integrated membrane systems for water recovery 
from Secondary Effluent (SE) 
From the case studies about membrane application in secondary effluent showed that one 
of the major problems is the membrane fouling in terms biological and inorganic fouling. 
In most cases, during the initial phase of operation there is significant loss of the permeate 
fluxes with indication of fouling. Lowering the recovery rate might be the solution for 
reducing the scaling problem. Operation status of most plants showed that if there is 
appropriate integration relevant pre-treatment technologies with modification of operating 
parameter and inclusion of energy saving devices makes the smooth run of the plant with 
ahnost constant permeate flow rate with high quality product water. These afore mentioned 
strategies not only run the plant smoothly but also reduce the production costs with 
significant recovery of the energy as well as greenhouses gases. 
4.3. 1 Kwinana Water Reclamation Plant, Perth, Australia 
Name of Plant: Kwinana Water Reclamation Plant, (Water Cooperation) Kwinana, Perth WA 
Production capacity: 16, 700 m3/d 
Membranes used: MF +RO (recovery of 80%), now in operating status Feed: SE 
Pre and post- treatments: 
Basket strainers (for coarse solids), lower doses of chemicals to adjust pH and conditions, 
submerged MF-MBR (removed fine suspended solids, all bacteria and viruses). Post-treatments: 
Degasser, 
Application issues: Particulate fouling 
Mitigation measure applied: 
Use of appropriate pre-treatment methods before feeding into the RO, basket strainers that 
remove coarse solids from raw feedwater, lower doses of chemical are added to adjust the pH 
and condition the water prior to filtration. Submerged microfiltration is used to remove fine 
suspended solids from the feedwater 
Interesting facts: 
Largest membrane water reclamation plant in Australia (Crisp 2005), owned/operated/ 
maintained by the water corporation and its alliance partners and produces of high quality 
water (TDS 40-50 mg/L) 
References: 
Crisp, G. (2005). An Overview of Desalination in Western Australia. Ozwater 2005 Conference, 8-11 
May 2005, Brisbane Queensland 
Ci't>bs, B., Newland, M. (2007). An MBR-RO system for water recycling- an insight into Australia's water 
/Uture. Proceedings Membrane Speciality Conference II, Melbourne 21-23 Feb 2007 (www.uua.com.au) 
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4.3.2 Water Factory 21, South California, USA 
Name of plant: Water factory 21 (Orange County Water District's Groundwater Replenishment 
System-OCWD GWRS), Orange County, Southern California, USA 
Production capacity: 265, 000 m3 Id, currently operating in full scale 
Membranes used: MF /RO Feed: Secondary Effluent (SE) from municipal WWTP 
Pre and Post treatments: 
Initially Lime clarification as pre-treatment with integration of Anti-sealant, pH adjustment, 
Chloramines, now MF /UF (submerged CMF-S polypropylenes (PP) hallow fibre - US filter 
replaced the lime clarification with integration above listed processes and UV with hydrogen 
peroxide as post treatment 
Application issues: 
During pilot scale phase scaling (loss of permeability plus increase in salt passage) due to 
calcium phosphate and scaling persists even after citric acid cleaning, 
Both low fouling membrane and energy saving membrane experienced a similar initial flux 
loss of 25% before stabilizing. This early permeability loss due to deposition of organic foulants 
on the membrane surfaces, once the initial organic layer is deposited subsequent fouling 
proceeds at a slower rate (Alexander et al., 2003).This similar flux loss in both membranes 
showed that there is negligible difference between anionic and cationic foulants in the feed 
wastewater of this plant. 
During first four months of demo scale phase, the membranes experienced severe bio-fouling 
which leads to a 40% loss in permeability and a 30% increase in TMP. A high pH cleaning 
reduced differential pressure and recovered 80% of the original membrane flux, but 
performance continued to decline soon after restarting the system. Additional high pH cleanings 
produced a similar cycle of improved performance followed by rapid fouling (Daugherty et 
al., 2005). 
Mitigation measures applied: 
The cause of scaling was find out after analysis which was mainly due to calcium phosphate so 
conducted the second citric cleaning (pH reduced from 6.5 to 6.0 and recovery reduced from 
87%-85%, after which run stably). This measure reduces the scaling due to calcium phosphate. 
The discovery of negligible difference between anionic and cationic foulant in the feed SE causes 
the similar flux loss during operation among the both low fouling and energy saving membranes. 
This result is beneficial for this plant for choosing the membranes; since the energy saving 
membrane showed a 30% higher permeability than the low fouling membranes and produced a 
similar permeate quality. 
Several adjustments were made to the system to bring the rate of fouling under control: 
i. One modification involved eliminating an open air basin between the MF system and the 
RO system as debris collected in the basin entered the RO system and plugged the lead 
elements. This issue was confirmed through lead element autopsies which revealed visible 
foulant embedded on the feed end of the element and between the membrane leaves. 
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IL The pump station wet wells were also cleaned and disinfected, which reduced the high 
level of biological activity that was discovered in the RO feed through heterotrophic plate 
count testing. Before disinfection, plant counts in the feed were between 500 and 1000. 
iii. The periodic failure of the chlorine injection system also contributed to the higher level of 
bio-fouling. Repair and closer monitoring of chlorine injection served to control the bio-
fouling problem. 
Interesting facts: 
This was the first oldest plant used the RO membrane for water reclamation (implemented at 
1975 with the integration of lime clarification and cellulose acetate RO). 
This plant has long phase wise (pilot, demonstration and full scale) application experiences of 
RO plant operation, which are and will be important wisdom for forthcoming RO application 
in water recovery. 
Since the 1990s, this plant has accumulated a wealth of data and experience on the design and 
operation of polyamide RO membrane systems for WW reclamation (Franks et al., 2007). Experiences 
of this plant will be helpful in optimizing the RO designs for water recovery to achieve and 
maintain future stringent permeate quality requirements at minimal operating costs. 
References 
Alexander, K., Alt, S., Owens, E., Patel, M., McGovern, L. Low fouling reverse osmosis membranes: 
evidence to the contrary on micro-filtered secondary effluent. 2003 A WWA Membrane Technology 
Conference. Atlanta, Ga. 
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technology for Orange County's water reuse treatment facilities. 2005 AWWA Membrane Technology 
Conference. Phoenix Az. 
Franks, R., Bartels, C.R., Keith, A., and Patel, M. (2007). Implementing Energy Saving RO Technologies 
in Large Scale Wastewater Treatment Plants, IDA World Congress-Maspalomas proceedings, Gran 
Canaria-Spain October 21-26, 2007 (REF; IDAWC/MP07-148). 
4.3.3 Ulu Pandan Water Reclamation Plant, Singapore 
Name: Ulu Pandan water reclamation plant, (NEWater) Ulu Pandan, Singapore 
Production capacity: 148,000 m3/ d and currently in operating statue. It was commissioned in 
early 2007 
Membrane used: Micro-filtration/UP+ RO Feed- Municipal secondary effluent 
Pre and post treatments: 
Micro-filtration/UP to control colloidal fouling, cartridge filters, anti-sealant and pH adjustment 
to control scaling, chloramines to control bio-fouling and UV as Post treatment 
Application issues: 
As is typical of an RO treating secondary effluent, the first stage specific flux drops 20% during 
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tl:w.fir;;t two.rrtonthS of.operation•aridthen stabilizes.J'his drop is caused Ue deposition of an 
organic fouling layer _on the surface of the membrane. -
Chloramirles doing only hin.der~d the further growth df biol_ogical fouling_, but.removed only 
a fraction of,tbe ,existing•biofrlm. Ghloramines act as-a biostat, not a biocide, .so·theyd6 ~ 
1 completely-breakdown and removed thebi6film: And even the.caustic cleaning is ihsignificance 
to remove the bioflim. When the chloramines dosing stop the regrowth happens.;and biofilm 
will form and difficult to removed. 
A_fter. a~a]y~is o~ ~?; e}eF~~ts'. i~ w~s f~w:1d that t~e _lea,d el,e~f_i;1t :h3:d ,more .tnap, tripled~ 
salfpassage while ta11 ,e1e~e~pl!o;v_ed _ an increase m s~lt passage of 57%., as .welJ_ as form~r, 
element has a greater differential pressure (9 psi) compared to (6.7psi) of the tail element. 
Aft~e~utopsie'd and ex~hi.ined,'both me¢,br~n,es 'we·re found. .. ta have' a brpwn sfony I gr_ittJ. 
film on th~' meinhrane s'ur'face caused by a combination of organic, polysaccl1ariS:fes excreteq' 
from bacteria cells that grow and adhere to the membrane, and particulate fouling. the denser 
film on the lead element e-~plains its highet differential pressure. 
' A :~eight loss on-ign_iti~n (WLOI) of foi;lants scr~ppe, ffi,om the il,lern~rane'.s sur~ace rev.ealed 
that approximatefy 9~% to 97% pf t}:le'foulants ori poth the l~ad and b~il was m:ganic in nature. 
From the SEM (scanning electron microscope) analysis, it was found that foulant? build. !-1-I), 
was heavier on the lead element than the tail. Membrane from the lead element is completely 
' obscured by the thick; amorphous foulahts layer while foulants only partially-covers membrane 
from the tail element, as Well'as m'.irner6us bacteria and also revealed the pt~sence ,of particulat~ 
fouling in the lead element. · · · 
, OrgaTiic foµli!1g ~s domin~tes ~fter that iriorganic scaling i.e. CaP04 ~ca.le, p<;)tpJ~ad and tail 
, membranes showed this scale, as UP feed consists of 15 mg/l of phosphate {Fran!ys et al., 2007). 
' ~~,tail,,7~ement !teated .. I:ighl~ <:Qncen,trated brine, cont<1ined a significan,tly greater amount 
of iron pre~ipi_tat;ipn (3% by, weigh!) ;than_ the lead; ~hich-contflined 0.75%. by weight. 
Mitigation measure applied: 
Caustic cleaning followed by citric qciq,~V.l ?~ helpfu
1
l t<;> n:p.µirnis~q the sqa,ling, low fouling 
and energy saving membranes, maintainmg a continuous chloramines concentration of 2-
"3ppm ltelpful 1tf controlliiig the bio;foulmg~ijirbo_ 15oosC(an-_bRD) lmpro_ves flux balance 
• : ,., "..> - . I ; (" ; • ! I .. • ! - • I • I •· • • 
between the two stages, rmproves permeate quality and reduces overall energy consumption. . 
Interesting facts: 
Singapore's fourth and largest WW reclamation facility, products is. delivered.for ir}dir~ct -
potable reuse and 'ihdtistiiaI water applications -, · 
This plant draws an experience from two existing wastewater reclamation plants in Singapore 
using RO mempranes: Bedok (32,000' m3 Id) and· Kranji ( 40,000 rr\3'/ d). · · 
From the Bedok plant, it was learned that when recovery% increases beyond. 85% "the scaling due. 
to calcium phosphate so this plant is designed to recovery of 80% and feed pH-isreduce tb 6.8 
Experiences_ at Bedok. and Kranji has demonstrated the successful .petformance 6f the low 
fouling membranejn treating secondary effluent. UP RO uses enei::gy saving membranes due -
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to their lower pressure and proven performance at other WW reclamation sites such as OCWD. 
References: 
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5. CONCLUSION 
Most studies found that the membrane fouling is one of major hindrances for successful 
RO application in SE. The four major types of fouling during application are inorganic/ 
scaling, particle I colloids fouling, organic fouling, and bio-fouling. In case of first three 
types of fouling there exist well-established pre-treatment and chemical cleaning methods, 
but bio-fouling has been one of the most tenacious and least understood forms (Visvanathan 
et al. 2002). Many studies confirmed about the dominancy and complexity of bio-fouling 
during RO membranes application (Xu et al. 2010; Yang et al. 2008). Xu et al. (2010) confirmed 
more severe bio-fouling on the tail-elements than on the lead-elements regardless of 
reclaimed water quality, but others reported more bio-fouling on the lead-elements than 
on tail-elements (Speth et al. 1998; Yang et al. 2008). 
Among pre-treatment options; some of them are preventive, and some are post prevention 
ones with their own merits and demerits. These options should be integrated wisely by 
considering their merits and efficiency to remove the particular foulants. For example, 
direct filtration with adsorption integration may be suitable for removing particle and 
organic fouling. Using bio-filtration to prevent bio-fouling RO /NF membrane systems 
has been demonstrated and advocated as a suitable pre-treatment proved by several authors 
(Vrouwenvelder and Kooij 2001; Wend et al. 2003). In case of MF /UF in addition to these 
contaminants removals by biologically active GAC beds, low pressure membranes have 
also effective on removal of algal reduction. The integration of UV irradiation at 254nm is 
found more effective in controlling bio-fouling. For inorganic fouling/ scaling the best pre-
treatment options may be application of scale inhibitors with modelling of solubility of 
inorganic substances with controlled pH level, whereas in case of particulate/ colloidal 
fouling cartridge filtrations may be the best one, and for organic fouling application of 
biological filtration integrated with activated carbon. Though integration of multiple pre-
treatments may increase the capital costs of the system, but the operational costs may 
decreases if membrane fouling can be effectively reduced by integration. 
As there is less availability of quantitative data, it may be difficult to make the conclusion 
on the ranking of conventional pre-treatment options, for this reason this study attempted 
forank those options qualitatively, which may not be final. According to results, the Lime 
clarification/GMF option ranked first, fine-screens/micro-screens option last. In addition, 
alnori.g the options, lime clarification/GMF and GAC/PAC seems to be in the same first 
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rank and fine-screens/micro-screens and anti-sealant addition seems to be ranked similar 
according to the closeness of points they attained during ranking exercise. This type of 
study is useful to define the validation of our chosen pre-treatment options for evaluation. . 
From the study, we can conclude that among the low pressure membrane systems, lJF 
may be better pre-treatment for RO but again this is not a conclusive recommendation as 
effectiveness of pre-treatment may vary according to the feed water quality, treatment 
situation and capital and operating costs. 
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